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Devwudfw
Zh hvwlpdwh d iruzdug0orrnlqj prqhwdu| srolf| uhdfwlrq ixqfwlrq iru
wkh srvwzdu Xqlwhg Vwdwhv hfrqrp|/ ehiruh dqg diwhu Yrofnhu*v dssrlqwphqw
dv Ihg Fkdlupdq lq 4<:<1 Rxu uhvxowv srlqw wr vxevwdqwldo gl￿huhqfhv lq
wkh hvwlpdwhg uxoh dfurvv shulrgv1 Lq sduwlfxodu/ lqwhuhvw udwh srolf| lq
wkh Yrofnhu0Juhhqvsdq shulrg dsshduv wr kdyh ehhq pxfk pruh vhqvlwlyh
wr fkdqjhv lq h{shfwhg lq dwlrq wkdq lq wkh suh0Yrofnhu shulrg1 Zh wkhq
frpsduh vrph ri wkh lpsolfdwlrqv ri wkh hvwlpdwhg uxohv iru wkh htxloleulxp
surshuwlhv ri lq dwlrq dqg rxwsxw/ xvlqj d vlpsoh pdfurhfrqrplf prgho/
dqg vkrz wkdw wkh Yrofnhu0Juhhqvsdq uxoh lv vwdelol}lqj1
Nh|zrugv= prqhwdu| srolf| uxohv/ exvlqhvv f|fohv/ Wd|oru uxohv/ vxqvsrw
 xfwxdwlrqv1
MHO Fodvvl￿fdwlrq Qxpehuv= H65/ H85
￿Zh wkdqn vhplqdu sduwlflsdqwv dw Xqlyhuvlwdw Srpshx Ideud/ Qhz \run Xqlyhuvlw|/ Ihghudo
Uhvhuyh Erdug/ Xqlyhuvlw| ri Pdu|odqg/ QEHU Vxpphu Lqvwlwxwh/ Xqlyhuvlw￿ gh Wrxorxvh/ Edqn
ri Vsdlq/ Kduydug Xqlyhuvlw|/ Edqn ri Ph{lfr/ Xqlyhuvlwdw gh Jlurqd/ dqg wkh Ihghudo Uhvhuyh
Edqnv ri Dwodqwd/ Qhz \run/ Ulfkprqg/ Gdoodv/ dqg Sklodghoskld/ dv zhoo dv wzr dqrq|prxv
uhihuhhv dqg wzr hglwruv iru xvhixo frpphqwv1 Wrppdvr Prqdfhool surylghg ydoxdeoh uhvhdufk
dvvlvwdqfh1 Wkh vhfrqg dqg wklug dxwkruv duh judwhixo wr wkh F1Y1 Vwduu Fhqwhu +Jdo￿ dqg Jhuwohu,
dqg FUHL +Jdo￿, iru ￿qdqfldo vxssruw1L1 Lqwurgxfwlrq
Iurp wkh odwh 4<93v wkurxjk wkh hduo| 4<;3v/ wkh Xqlwhg Vwdwhv hfrqrp| h{shul0
hqfhg kljk dqg yrodwloh lq dwlrq dorqj zlwk vhyhudo vhyhuh uhfhvvlrqv1 Vlqfh wkh hduo|
4<;3v/ krzhyhu/ lq dwlrq kdv uhpdlqhg vwhdglo| orz/ zkloh rxwsxw jurzwk kdv ehhq
uhodwlyho| vwdeoh1 Pdq| hfrqrplvwv flwh vxsso| vkrfnv 0 dqg rlo sulfh vkrfnv/ lq sduwlf0
xodu 0 dv wkh pdlq irufh xqghuo|lqj wkh lqvwdelolw| ri wkh hduolhu shulrg1 Lw lv xqolnho|/
krzhyhu/ wkdw vxsso| vkrfnv dorqh frxog dffrxqw iru wkh revhuyhg gl￿huhqfhv ehwzhhq
wkh wzr hudv1 Iru h{dpsoh/ zkloh mxpsv lq wkh sulfh ri rlo pljkw khos h{sodlq wudqvl0
wru| shulrgv ri vkdus lqfuhdvhv lq wkh jhqhudo sulfh ohyho/ lw lv qrw fohdu krz wkh| dorqh
frxog h{sodlq shuvlvwhqw kljk lq dwlrq lq wkh devhqfh ri dq dffrpprgdwlqj prqhwdu|
srolf|14 Ixuwkhupruh/ dv Gh Orqj ^4<<:‘ dujxhv/ wkh rqvhw ri vxvwdlqhg kljk lq dwlrq
rffxuuhg sulru wr wkh rlo fulvlv hslvrghv1
Lq wklv sdshu zh h{soruh wkh uroh ri prqhwdu| srolf|1 Zh ￿uvw ghprqvwudwh wkdw
wkhuh lv d vljql￿fdqw gl￿huhqfh lq wkh zd| prqhwdu| srolf| zdv frqgxfwhg suh0 dqg
srvw04<:</ wkh |hdu Sdxo Yrofnhu zdv dssrlqwhg Fkdlupdq ri wkh Ihghudo Uhvhuyh
Erdug1 Zh wkhq jr rq wr dujxh wkdw wklv gl￿huhqfh frxog eh dq lpsruwdqw vrxufh
ri wkh vkliw lq pdfurhfrqrplf ehkdylru1 Lq vrph zd|v/ rxu vwru| vkrxog qrw eh
vxusulvlqj1 Pdq| hfrqrplvwv djuhh wkdw prqhwdu| srolf| lq wkh Xqlwhg Vwdwhv kdv
ehhq uhodwlyho| zhoo pdqdjhg iurp wkh wlph Sdxo Yrofnhu wrrn ryhu wkh khop/ wkurxjk
wkh fxuuhqw uhjlph ri Dodq Juhhqvsdq1 Lw lv dovr jhqhudoo| djuhhg wkdw prqhwdu|
srolf| zdv qrw vr zhoo pdqdjhg lq wkh ￿iwhhq |hduv ru vr sulru wr Yrofnhu15 Wkh
frqwulexwlrq ri rxu sdshu lv wr dgg suhflvlrq wr wklv frqyhqwlrqdo zlvgrp1
Zh lghqwli| krz prqhwdu| srolf| gl￿huhg ehiruh dqg diwhu Yrofnhu fdph wr r!fh
e| hvwlpdwlqj srolf| uxohv iru hdfk hud1 Vshfl￿fdoo|/ zh hvwlpdwh d jhqhudo w|sh ri
uxoh wkdw wuhdwv wkh Ihghudo Ixqgv udwh dv wkh lqvwuxphqw ri prqhwdu| srolf|1 Wkh
4Lq vhfwlrq LLL1G/ zh surylgh pruh ghwdlo rq wkh uroh ri rlo vkrfnv yhuvxv prqhwdu| srolf| dqg
dovr rq krz wkh prqhwdu| srolf| uxoh lq xhqfhv wkh h￿hfwv wkdw rlo vkrfnv kdyh rq wkh hfrqrp|1
5 Vhh/ h1j1/ wkh uhfhqw glvfxvvlrqv lq Iulhgpdq dqg Nxwwqhu ^4<<9‘ dqg Jhuwohu ^4<<9‘1
4uxoh fdoov iru dgmxvwphqw ri wkh Ixqgv udwh wr wkh jdsv ehwzhhq h{shfwhg lq dwlrq dqg
rxwsxw dqg wkhlu uhvshfwlyh wdujhw ohyhov1 Lw lv d yhuvlrq ri wkh nlqg ri srolf| uxoh
wkdw hphujhv lq erwk srvlwlyh dqg qrupdwlyh dqdo|vhv ri fhqwudo edqn ehkdylru wkdw
kdyh dsshduhg lq uhfhqw olwhudwxuh16 D glvwlqfwlyh ihdwxuh ri rxu vshfl￿fdwlrq lv wkdw
lw dvvxphv iruzdug0orrnlqj ehkdylru rq wkh sduw ri wkh fhqwudo edqn1
Wkh nh| gl￿huhqfh lq wkh hvwlpdwhg srolf| uxohv dfurvv wlph lqyroyhv wkh uhvsrqvh
wr h{shfwhg lq dwlrq1 Zh ￿qg +qrw vxusulvlqjo|, wkdw wkh Ihghudo Uhvhuyh zdv kljko|
￿dffrpprgdwlyh￿ lq wkh suh0Yrofnhu |hduv= Rq dyhudjh/ lw ohw uhdo vkruw whup lqwhuhvw
udwhv ghfolqh dv dqwlflsdwhg lq dwlrq urvh1 Zkloh lw udlvhg qrplqdo udwhv/ lw w|slfdoo|
glg vr e| ohvv wkdq wkh lqfuhdvh lq h{shfwhg lq dwlrq1 Rq wkh rwkhu kdqg/ gxulqj
wkh Yrofnhu0Juhhqvsdq hud wkh Ihghudo Uhvhuyh dgrswhg d surdfwlyh vwdqfh wrzdug
frqwuroolqj lq dwlrq= lw v|vwhpdwlfdoo| udlvhg uhdo dv zhoo dv qrplqdo vkruw whup lqwhu0
hvw udwhv lq uhvsrqvh wr kljkhu h{shfwhg lq dwlrq1 Rxu uhvxowv wkxv ohqg txdqwlwdwlyh
vxssruw wr wkh srsxodu ylhz wkdw qrw xqwlo Yrofnhu wrrn r!fh glg frqwuroolqj lq dwlrq
ehfrph wkh rujdql}lqj irfxv ri prqhwdu| srolf|1
Wkh vhfrqg sduw ri wkh sdshu suhvhqwv d wkhruhwlfdo prgho ghvljqhg wr  hvk rxw krz
wkh revhuyhg fkdqjhv lq wkh srolf| uxoh frxog dffrxqw iru wkh fkdqjh lq pdfurhfrqrplf
shuirupdqfh1 Zh hpehg srolf| uxohv ri wkh w|sh zh hvwlpdwh zlwklq d idluo| vwdqgdug
exvlqhvv f|foh prgho dqg wkhq dqdo|}h wkh g|qdplfv ri lq dwlrq dqg rxwsxw lq wkh
uhvxowlqj htxloleulxp1 Zh vkrz wkdw wkh hvwlpdwhg uxoh iru wkh suh0Yrofnhu shulrg
shuplwv juhdwhu pdfurhfrqrplf lqvwdelolw| wkdq grhv wkh Yrofnhu0Juhhqvsdq uxoh1 Lw
grhv vr lq wzr glvwlqfw uhvshfwv=
Iluvw/ wkh suh0Yrofnhu uxoh ohdyhv rshq wkh srvvlelolw| ri exuvwv ri lq dwlrq dqg
rxwsxw wkdw uhvxow iurp vhoi0ixo￿oolqj fkdqjhv lq h{shfwdwlrqv1 Wkhvh vxqvsrw  xfwx0
dwlrqv pd| dulvh xqghu wklv uxoh ehfdxvh lqglylgxdov +fruuhfwo|, dqwlflsdwh wkdw wkh
Ihghudo Uhvhuyh zloo dffrpprgdwh d ulvh lq h{shfwhg lq dwlrq e| ohwwlqj vkruw whup
uhdo lqwhuhvw udwhv ghfolqh +zklfk lq wxuq vwlpxodwhv wkh ulvh lq djjuhjdwh ghpdqg
6Vhh Fodulgd/ Jdo￿/ dqg Jhuwohu ^4<<<‘ iru d uhylhz ri wkh uhfhqw olwhudwxuh rq prqhwdu| srolf|1
5dqg lq dwlrq,17 Rq wkh rwkhu kdqg/ vhoi0ixo￿oolqj  xfwxdwlrqv fdqqrw rffxu xqghu wkh
hvwlpdwhg uxoh iru wkh Yrofnhu0Juhhqvsdq hud vlqfh/ zlwklq wklv uhjlph/ wkh Ihghudo
Uhvhuyh dgmxvwv lqwhuhvw udwhv vx!flhqwo| wr vwdelol}h dq| fkdqjhv lq h{shfwhg lq d0
wlrq1 Vhfrqg/ wkh suh0Yrofnhu uxoh lv ohvv h￿hfwlyh wkdq wkh Yrofnhu0Juhhqvsdq uxoh dw
plwljdwlqj wkh lpsdfw ri ixqgdphqwdo vkrfnv wr wkh hfrqrp|1 Wkdw lv/ kroglqj frq0
vwdqw wkh yrodwlolw| ri h{rjhqrxv ixqgdphqwdo vkrfnv/ wkh hfrqrp| h{klelwv juhdwhu
vwdelolw| xqghu wkh srvw04<:< uxoh wkdq xqghu d uxoh wkdw forvho| dssur{lpdwhv prq0
hwdu| srolf| suh04<:<1
Wkh sodq ri wkh sdshu lv dv iroorzv1 Vhfwlrq LL suhvhqwv rxu srolf| uxoh vshfl￿fdwlrq/
dqg glvfxvvhv wkh hfrqrphwulf surfhgxuh xvhg wr hvwlpdwh lw1 Vhfwlrq LLL uhsruwv
hvwlpdwhv ri wklv uxoh iru gl￿huhqw vdpsoh shulrgv/ frqgxfwv d qxpehu ri urexvwqhvv
fkhfnv/ dqg lghqwl￿hv wkh pdlq gl￿huhqfhv lq wkh frh!flhqw hvwlpdwhv dfurvv shulrgv1
Vhfwlrq LY suhvhqwv wkh wkhruhwlfdo prgho= d +qrz, frqyhqwlrqdo Qhz Nh|qhvldq
iudphzrun zlwk prqh|/ prqrsrolvwlf frpshwlwlrq/ dqg vwlfn| sulfhv1 Zh wkhq suhvhqw
erwk d txdolwdwlyh dqg txdqwlwdwlyh dqdo|vlv ri wkh prgho xqghu wkh suh0 dqg srvw :<
srolf| uxohv1 Vhfwlrq Y r￿huv frqfoxglqj uhpdunv1 Khuh zh glvfxvv dq lpsruwdqw lvvxh
wkdw wkh sdshu udlvhv exw grhv qrw uhvroyh= zk| lq wkh suh0Yrofnhu shulrg wkh Ihghudo
Uhvhuyh dsshduhg wr sxuvxh d v|vwhpdwlf srolf| uxoh wkdw qrw rqo| dffrpprgdwhg
lq dwlrq/ exw glg vr lq d zd| wkdw zdv hqwluho| suhglfwdeoh e| wkh sulydwh vhfwru +dw
ohdvw zlwk wkh ehqh￿w ri klqgvljkw,1
7Fkdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<:, dovr vxjjhvw wkdw wkh lq dwlrq ri wkh 4<:3v pd| kdyh
pdlqo| ehhq gxh wr vhoi0ixoixoolqj ehkdylru1 Wkhlu dujxphqw h{sorlwv wkh lghd wkdw wkhuh pd| eh d
pxowlsolflw| ri htxloleuld lq uhsxwdwlrqdo prghov ri prqhwdu| srolf|1 Rxu dqdo|vlv lv edvhg vlpso|
rq wkh lpsolfdwlrqv ri wkh hvwlpdwhg klvwrulfdo srolf| uhdfwlrq ixqfwlrq1
6LL1 Wkh Ihghudo Uhvhuyh*v Srolf| Uhdfwlrq Ixqfwlrq= D
Iruzdug Orrnlqj Prgho
D1 D Vlpsoh Iruzdug Orrnlqj Uxoh
Zh ehjlq zlwk d edvholqh vshfl￿fdwlrq ri wkh srolf| uhdfwlrq ixqfwlrq1 Zh wdnh dv
wkh lqvwuxphqw ri prqhwdu| srolf| wkh Ihghudo Ixqgv udwh1 H{fhsw srvvleo| iru d eulhi
shulrg ri uhvhuyhv wdujhwlqj dw wkh vwduw ri wkh Yrofnhu hud/ wklv vhhpv d uhdvrqdeoh
fkrlfh +vhh/ h1j1/ Ehuqdqnh dqg Plkry ^4<<;‘,1 Ixuwkhu/ Jrrgiulhqg ^4<<4‘ dujxhv wkdw
hyhq xqghu wkh shulrg ri r!fldo uhvhuyhv wdujhwlqj/ wkh Ihghudo Uhvhuyh kdg lq plqg
dq lpsolflw wdujhw iru wkh Ixqgv udwh1
Wkh edvholqh srolf| uxoh zh frqvlghu wdnhv d vlpsoh irup1 Ohw oW
| ghqrwh wkh wdujhw
udwh iru wkh qrplqdo Ihghudo Ixqgv udwh lq shulrg |1 Wkh wdujhw udwh hdfk shulrg lv
d ixqfwlrq ri wkh jdsv ehwzhhq h{shfwhg lq dwlrq dqg rxwsxw dqg wkhlu uhvshfwlyh




W n q E.dZ|c&ml|o ￿Z
W￿n￿. d % | c^ml|o +4,
zkhuh Z|c& ghqrwhv wkh shufhqw fkdqjh lq wkh sulfh ohyho ehwzhhq shulrgv | dqg | n &
+h{suhvvhg lq dqqxdo udwhv,1 ZW lv wkh wdujhw iru lq dwlrq1 %|c^ lv d phdvxuh ri wkh
dyhudjh rxwsxw jds ehwzhhq shulrg | dqg |n^/ zlwk wkh rxwsxw jds ehlqj gh￿qhg dv
wkh shufhqw ghyldwlrq ehwzhhq dfwxdo JGS dqg wkh fruuhvsrqglqj wdujhw18 . lv wkh
h{shfwdwlrq rshudwru/ dqg l| lv wkh lqirupdwlrq vhw dw wkh wlph wkh lqwhuhvw udwh lv
vhw1 oW lv/ e| frqvwuxfwlrq/ wkh ghvluhg qrplqdo udwh zkhq erwk lq dwlrq dqg rxwsxw
duh dw wkhlu wdujhw ohyhov1
Wkh srolf| uxoh jlyhq e| +4, kdv vrph dsshdo rq erwk wkhruhwlfdo dqg hpslulfdo
jurxqgv1 Dssur{lpdwh +dqg lq vrph fdvhv h{dfw, irupv ri wklv uxoh duh rswlpdo iru d
8 Wkh  rz qdwxuh ri JGS irufhv xv wr eh pruh suhflvh khuh= {w>t lqfoxghv JGS jhqhudwhg ehwzhhq
wkh ehjlqqlqj ri shulrg w dqg wkh ehjlqqlqj ri shulrg w . t +l1h1/ lw lqfoxghv shulrgv +h1j1/ txduwhuv,
w/ w .4 >===dqg w . t ￿ 4,1 Lq rxu hpslulfdo zrun/ zh dffrxqw iru wkh idfw wkdw shulrg w JGS lv qrw
nqrzq dv ri wkh wlph wkh lqwhuhvw udwh lv vhw lq wkdw shulrg/ l1h1/ {w>4 @ 5 ￿w1 Wklv lv qrw wuxh lq rxu
wkhruhwlfdo prgho ri vhfwlrq LY/ zkhuh doo yduldeohv gdwhg lq shulrg w duh ghwhuplqhg vlpxowdqhrxvo|1
7fhqwudo edqn wkdw kdv d txdgudwlf orvv ixqfwlrq lq ghyldwlrqv ri lq dwlrq dqg rxwsxw
iurp wkhlu uhvshfwlyh wdujhwv/ jlyhq d jhqhulf pdfurhfrqrplf prgho zlwk qrplqdo
sulfh lqhuwld19
Rq wkh hpslulfdo vlgh/ d qxpehu ri dxwkruv kdyh hpskdvl}hg wkdw srolf| uxohv olnh
+4, surylgh uhdvrqdeo| jrrg ghvfulswlrqv ri wkh zd| pdmru fhqwudo edqnv durxqg wkh
zruog ehkdyh/ dw ohdvw lq uhfhqw |hduv1 Lw lv wuxh wkdw wkh prvw qrwdeoh ri wkhvh sdshuv/
Wd|oru ^4<<6‘/ sursrvhv d uxoh zkhuh wkh Ixqgv udwh uhvsrqgv wr odjjhg lq dwlrq dqg
rxwsxw udwkhu wkdq wkhlu h{shfwhg ixwxuh ydoxhv1 Krzhyhu/ rxu iruzdug orrnlqj uxoh
qhvwv wkh Wd|oru uxoh dv d vshfldo fdvh= Li hlwkhu odjjhg lq dwlrq ru d olqhdu frpelqdwlrq
ri odjjhg lq dwlrq dqg wkh rxwsxw jds lv d vx!flhqw vwdwlvwlf iru iruhfdvwlqj ixwxuh
lq dwlrq wkhq htxdwlrq +4, froodsvhv wr wkh Wd|oru uxoh1: Rq wkh rwkhu kdqg/ rxu
iruzdug orrnlqj vshfl￿fdwlrq doorzv wkh fhqwudo edqn wr frqvlghu d eurdg duud| ri
lqirupdwlrq +eh|rqg odjjhg lq dwlrq dqg rxwsxw, wr irup eholhiv derxw wkh ixwxuh
frqglwlrq ri wkh hfrqrp|/ d ihdwxuh zklfk zh ￿qg kljko| uhdolvwlf1
E1 Lpsolhg Uhdo Udwh Uxoh
Wkh lpsolfdwlrqv ri d srolf| uxoh olnh +4, iru wkh f|folfdo ehkdylru ri wkh hfrqrp|
zloo ri frxuvh ghshqg rq wkh vljq dqg pdjqlwxgh ri wkh vorsh frh!flhqwv/ q dqg ￿1W r






W nE q￿￿￿ E.dZ|c&ml|o￿ Z
W￿n￿. d % | c^ml|o +5,
zkhuh ooW
| ￿ o| ￿.dZ|c&ml|o dqg zkhuh ooW ￿ oW ￿ZW lv wkh orqj uxq htxloleulxp uhdo
udwh1; Zh dvvxph wkdw wkh uhdo udwh lv vwdwlrqdu| dqg lv ghwhuplqhg e| qrq0prqhwdu|
9Vhh/ h1j1/ Vyhqvvrq ^4<<9‘/ dqg Fodulgd/ Jdo￿/ dqg Jhuwohu ^4<<<‘1
:Lq wklvfdvh/ krzhyhu/ wkh hvwlpdwhg frh!flhqwv ri wkh Wd|oru uxoh pd| eh plvohdglqj dv lqglfdwruv
ri wkh Ihg*v lqwhqghg uhvsrqvh wr lq dwlrq dqg rxwsxw fkdqjhv vlqfh/ lq dgglwlrq wr wkh vl}h ri wkh
srolf| uhvsrqvh/ wkh| fdswxuh wkh delolw| ri hdfk yduldeoh wr iruhfdvw wkh vwdwh ri wkh hfrqrp|1
;Qrwh wkdw uu￿
w lv dq ￿dssur{lpdwh￿ uhdo udwh vlqfh wkh iruhfdvw krul}rq iru lq dwlrq zloo jhqhudoo|
gl￿hu iurp wkh pdwxulw| ri wkh vkruw whup qrplqdo udwh xvhg dv d prqhwdu| srolf| lqvwuxphqw1 Lq
sudfwlfh wklv lv ri olwwoh uhohydqfh/ jlyhq wkh kljk fruuhodwlrq dprqj vkruw whup udwhv dw pdwxulwlhv
8idfwruv lq wkh orqj uxq/ frqvlvwhqw zlwk frqyhqwlrqdo zlvgrp1< Dffruglqjo|/ ooW lv d
frqvwdqw dqg lv lqghshqghqw ri prqhwdu| srolf|143
Dv htxdwlrq +5, pdnhv fohdu/ wkh vljq ri wkh uhvsrqvh ri wkh uhdo udwh wdujhw wr
fkdqjhv lq h{shfwhg lq dwlrq dqg wkh rxwsxw jds ghshqgv rq zkhwkhu q lv juhdwhu ru
ohvv wkdq rqh dqg rq wkh vljq ri ￿/ uhvshfwlyho|1 Urxjko| vshdnlqj/ wr wkh h{whqw wkdw
orzhu uhdo udwhv vwlpxodwh hfrqrplf dfwlylw| dqg lq dwlrq +dv lpsolhg e| vwdqgdug
pdfurhfrqrplf prghov dqg dv shufhlyhg e| srolf|pdnhuv dqg pdunhw sduwlflsdqwv
dolnh,/ lqwhuhvw udwh uxohv fkdudfwhul}hg e| q:￿zloo whqg wr eh vwdelol}lqj/ zkloh
wkrvh zlwk q ￿ ￿ duh olnho| wr eh ghvwdelol}lqj ru/ dw ehvw/ dffrpprgdwlyh ri vkrfnv
wr wkh hfrqrp|144 D vlplodu orjlf dssolhv wr wkh vljq ri ￿ +l1h1h/ vwdelol}lqj li ￿:
f( ghvwdelol}lqj li ￿ ￿ f,1 Zh wkxv kdyh ehqfkpdunv Eq ’￿ c￿ ’f ￿wr hydoxdwh
gl￿huhqfhv lq wkh hvwlpdwhg srolf| uxohv dfurvv wlph
F1 Lqwhuhvw Udwh Vprrwklqj dqg H{rjhqrxv Vkrfnv
Devhqw dq| ixuwkhu prgl￿fdwlrq/ wkh srolf| uhdfwlrq ixqfwlrq jlyhq e| htxdwlrq +4,
lv wrr uhvwulfwlyh wr ghvfuleh dfwxdo fkdqjhv lq wkh Ixqgv udwh1 Wkhuh duh dw ohdvw wkuhh
dvvrfldwhg zlwk sodxvleoh wdujhw krul}rqv1 Khqfh/ h1j1/ wkh fruuhodwlrq ehwzhhq wkh ihghudo ixqgv udwh
dqg wkh 60 prqwkv Wuhdvxu| Eloo udwh +rxu edvholqh krul}rq, lv 31<;5 lq rxu vdpsoh1
<Lq rxu hpslulfdo zrun/ krzhyhu/ zh doorz iru wkh srvvlelolw| wkdw wkhuh kdyh ehhq vkliwv ryhu
wlph lq wkh orqj uxq htxloleuxp uhdo udwh/ vlqfh zh dvvxph rqo| wkdw lq uu￿ lv frqvwdqw zlwklq wkh
vxe0shulrg ryhu zklfk zh hvwlpdwh1
43Lq rxu hpslulfdo zrun zh doorz iru fkdqjhv lq wkh htxloleulxp uhdo udwh dfurvv vxeshulrgv1
44Dqrwkhu zd| wr prgho dffrpprgdwlrq ri lq dwlrq zrxog wr eh doorz iru hqgrjhqrxv dgmxvwphqw
ri wkh wdujhw lq dwlrq udwh/ ￿￿= Zh ylhz wklv dssurdfk dv d v|psdwkhwlf dowhuqdwlyh wr wkh rqh zh
wdnh ri irfxvlqj rq zkhwkhu wkh vorsh frh!flhqw ￿ lv ohvv wkdq xqlw|1 Zh rsw wr wuhdw ￿￿ dv d frqvwdqw
dqg lqvwhdg ohw ￿ fkdudfwhul}h wkh ghjuhh ri dffrpprgdwlrq iru wzr uhdvrqv= Iluvw/ wklv dssurdfk kdv
wkh dgydqwdjh ri sduvlprq| 0 wkhuh lv qr qhhg wr prgho wkh dgmxvwphqw ri ￿￿1 Vhfrqg/ dv d pdwwhu
ri orjlf/ lw lv d sulrul uhdvrqdeoh wr wuhdw ￿￿ dv frqvwdqw vlqfh lw lv phdqw wr uh hfw dq rswlpxp iru
lq dwlrq wkdw lv lqghshqghqw ri fxuuhqw hfrqrplf frqglwlrqv1 Lq rxu urexvwqhvv h{huflvhv/ krzhyhu/
zh gr ohw ￿￿ ydu| zlwklq hdfk vxe0vdpsoh1 Wr iruhvkdgrz/ zh ￿qg wkdw wkh pdjqlwxgh ri ￿ vhhpv wr
gr d ehwwhu mre ri fdswxulqj wkh ghjuhh ri dffrpprgdwlrq wkdq dq| wlph yduldwlrq lq ￿￿/ frqvlvwhqw
zlwk wkh dssurdfk zh wdnh1
9uhdvrqv zk|1 Iluvw/ wkh vshfl￿fdwlrq dvvxphv dq lpphgldwh dgmxvwphqw ri wkh dfwxdo
Ixqgv udwh wr lwv wdujhw ohyho/ dqg wkxv ljqruhv wkh Ihghudo Uhvhuyh*v whqghqf| wr
vprrwk fkdqjhv lq lqwhuhvw udwhv145 Vhfrqg/ lw wuhdwv doo fkdqjhv lq lqwhuhvw udwhv ryhu
wlph dv uh hfwlqj wkh Ihghudo Uhvhuyh*v v|vwhpdwlf uhvsrqvh wr hfrqrplf frqglwlrqv1
Vshfl￿fdoo|/ lw grhv qrw doorz iru dq| udqgrpqhvv lq srolf| dfwlrqv/ rwkhu wkdq wkdw
dvvrfldwhg zlwk plv0iruhfdvwv ri wkh hfrqrp|1 Wklug/ lw dvvxphv wkdw wkh Ihghudo
Uhvhuyh kdv shuihfw frqwuro ryhu lqwhuhvw udwhv/ l1h1/ lw vxffhhgv lq nhhslqj wkhp dw wkh
ghvluhg ohyho +h1j1/ wkurxjk qhfhvvdu| rshq pdunhw rshudwlrqv,1
Zh uhod{ wkhvh dvvxpswlrqv e| h{whqglqj wkh prgho lq d vwudljkwiruzdug zd|1 Lq
sduwlfxodu zh vshfli| wkh iroorzlqj uhodwlrqvkls iru wkh dfwxdo Ixqgv udwh/ o|=
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h{rjhqrxv lqwhuhvw udwh vkrfn/ dqg wkh Ixqgv udwh wdujhw oW
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+6, srvwxodwhv sduwldo dgmxvwphqw ri wkh Ixqgv udwh wr wkh wdujhw oW
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shulrg wkh Ihghudo Uhvhuyh dgmxvwv wkh Ixqgv udwh wr holplqdwh d iudfwlrq E￿￿4￿ ri wkh
jds ehwzhhq lwv fxuuhqw wdujhw ohyho dqg vrph olqhdu frpelqdwlrq ri lwv sdvw ydoxhv1
Zh lqwhusuhw 4 dv dq lqglfdwru ri wkh ghjuhh ri vprrwklqj ri lqwhuhvw udwh fkdqjhv1
Frpelqlqj wkh sduwldo dgmxvwphqw htxdwlrq +6, zlwk wkh wdujhw prgho +4, |lhogv
wkh srolf| uhdfwlrq ixqfwlrq
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zkhuh 0| ￿ ￿E￿￿4￿ iq EZ|c&￿.dZ|c&ml|o￿n￿ E%|c^￿.d%|c^ml|o￿j1 Qrwlfh wkdw wkh whup
lq fxuo| eudfnhwv lv d olqhdu frpelqdwlrq ri iruhfdvw huuruv dqg lv wkxv ruwkrjrqdo wr
dq| yduldeoh lq wkh lqirupdwlrq vhw l|1
45Vhh dovr Uxghexvfk ^4<<8‘ iru hylghqfh rq wkh vhuldo fruuhodwlrq ri lqwhuhvw udwh fkdqjhv1 Zk|
wklv vprrwklqj rffxuv lv eh|rqg wkh vfrsh ri wklv sdshu/ wkrxjk d qxpehu ri h{sodqdwlrqv duh irxqg
lq wkh olwhudwxuh/ lqfoxglqj ihdu ri glvuxswlrq ri ￿qdqfldo pdunhwv +Jrrgiulhqg ^4<<4‘,/ ru xqfhuwdlqw|
derxw wkh h￿hfwv ri lqwhuhvw udwh fkdqjhv +Vdfn ^4<<:‘,1
:Ohw 3| ghqrwh d yhfwru ri lqvwuxphqwv nqrzq zkhq o| lv vhw +l1h1/ 3| 5 l|,1 Htxdwlrq
+7, wkhq lpsolhv wkh vhw ri ruwkrjrqdolw| frqglwlrqv
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zklfk surylgh wkh edvlv iru wkh hvwlpdwlrq ri wkh sdudphwhu yhfwru Ekcqc￿c4￿/ xvlqj
wkh Jhqhudol}hg Phwkrg ri Prphqwv +Kdqvhq ^4<;5‘,/ zlwk dq rswlpdo zhljkwlqj
pdwul{ wkdw dffrxqwv iru srvvleoh vhuldo fruuhodwlrq lq i0|j146 Wr wkh h{whqw wkdw wkh
glphqvlrq ri yhfwru 3| h{fhhgv irxu￿wkh qxpehu ri sdudphwhuv ehlqj hvwlpdwhg￿+8,
lpsolhv vrph ryhulghqwli|lqj uhvwulfwlrqv wkdw zh fdq whvw lq rughu wr dvvhvv ri wkh
ydolglw| ri rxu vshfl￿fdwlrq dv zhoo dv wkh vhw ri lqvwuxphqwv xvhg1
Lq wkh devhqfh ri ixuwkhu dvvxpswlrqv rxu dssurdfk rqo| lghqwl￿hv wkh whup ooW￿
Eq ￿￿￿ZW/ exw qrw ooW ru ZW vhsdudwho|1 Vlqfh wdujhw lq dwlrq ZW lv ri vrph lqwhuhvw
lq rxu fkdudfwhul}dwlrq ri prqhwdu| srolf|/ zh lpsrvh dq dgglwlrqdo uhvwulfwlrq wkdw
shuplwv xv wr lghqwli| dqg hvwlpdwh wklv sdudphwhu￿ Vshfl￿fdoo|/ zh wdnh wkh revhuyhg
vdpsoh dyhudjh dv d phdvxuh ri wkh htxloleulxp uhdo udwh ooW/ dq dvvxpswlrq zklfk zh
ylhz dv surylglqj d uhdvrqdeoh ￿uvw dssur{lpdwlrq/ jlyhq rxu vdpsoh vl}h1 Lpsrvlqj
wklv uhvwulfwlrq gluhfwo| lq htxdwlrq +8, doorzv xv wr hvwlpdwh ZW mrlqwo| zlwk wkh
sdudphwhu yhfwru Ekcqc￿c4￿￿ Wr ghprqvwudwh urexvwqhvv/ krzhyhu/ zh dovr uhsruw
hvwlpdwhv ri Ekcqc￿c4￿ wkdw gr qrw lpsrvh wklv dgglwlrqdo uhvwulfwlrq1
Ehiruh surfhhglqj zh eulh | dgguhvv vhyhudo hfrqrphwulf lvvxhv1 Iluvw/ rxu hpslu0
lfdo dqdo|vlv pdlqwdlqv wkh dvvxpswlrq wkdw erwk lq dwlrq dqg wkh qrplqdo lqwhuhvw
udwh duh vwdwlrqdu|1 Zh ylhz wklv dvvxpswlrq dv uhdvrqdeoh iru wkh srvwzdu Xqlwhg
Vwdwhv/ hyhq wkrxjk wkh qxoo ri d xqlw urrw lq hlwkhu yduldeoh lv riwhq kdug wr uhmhfw
dw frqyhqwlrqdo vljql￿fdqfh ohyhov/ jlyhq wkh shuvlvwhqfh ri erwk vhulhv dqg wkh zhoo
nqrzq orz srzhu ri xqlw urrw whvwv1 Lq dgglwlrq wr lwv hpslulfdo sodxvlelolw|/ vwdwlrq0
dulw| ri erwk lq dwlrq dqg wkh qrplqdo lqwhuhvw udwh lv dovr d surshuw| ri pdq| ri
wkh wkhruhwlfdo prghov wkdw udwlrqdol}h wkh xvh ri wkh nlqg ri srolf| uxoh frqvlghuhg
46Qrwh wkdw/ e| frqvwuxfwlrq/ wkh ￿uvw frpsrqhqw ri i%wj iroorzv dq PD+d, surfhvv/ zlwk d @
pd{^n>t‘ ￿4/ dqg zloo wkxv eh vhuldoo| fruuhodwhg +xqohvv n @ t @4 ,1
;khuh147 Lq rxu urexvwqhvv dqdo|vlv/ krzhyhu/ zh gr doorz iru wkh srvvlelolw| ri guliw lq
wkh wuhqg udwh ri lq dwlrq e| ohwwlqj wkh wdujhw lq dwlrq udwh ydu| dfurvv wkh uhjlphv
ri gl￿huhqw Ihghudo Uhvhuyh fkdluphq1
Vhfrqg/ wkh vdpsoh shulrg pxvw frqwdlq vx!flhqw yduldwlrq lq lq dwlrq dqg rxwsxw
dqg pxvw eh vx!flhqwo| orqj lq rughu wr lghqwli| wkh vorsh frh!flhqwv lq wkh srolf|
uhdfwlrq ixqfwlrq/ dv zhoo dv wkh wdujhw lq dwlrq udwh ZW1 Lq sduwlfxodu/ hvwlpdwlqj wkh
uxoh ryhu d vkruw vdpsoh zlwk olwwoh yduldelolw| lq lq dwlrq fdq |lhog kljko| plvohdglqj
uhvxowv1 Vxssrvh/ iru h{dpsoh/ wkdw wkh Ihghudo Uhvhuyh uhvsrqgv djjuhvvlyho| wr odujh
ghyldwlrqv ri lq dwlrq iurp wdujhw exw qrw wr vpdoo ghyldwlrqv1 Wkhq e| hvwlpdwlqj
ryhu d shulrg zkhuh lq dwlrq grhv qrw ydu| pxfk iurp lwv wdujhw/ rqh pljkw plv0
wdnhqo| frqfoxgh wkdw wkh Ihg lv qrw djjuhvvlyh lq ￿jkwlqj lq dwlrq +l1h1h/ rqh pljkw
plvwdnhqo| rewdlq wrr orz dq hvwlpdwh ri q￿1 Dowhuqdwlyho|/ vxssrvh d fhqwudo edqn
frqiurqwlqj kljk lq dwlrq lv lq wkh surfhvv ri udlvlqj udwhv wr hqjlqhhulqj d glvlq0
 dwlrq1 E| hvwlpdwlqj wkh uxoh rqo| ryhu wkh fxuuhqw shulrg ri kljk lq dwlrq/ rqh
pljkw plvwdnhqo| frqfoxgh wkdw wkh fhqwudo edqn kdv d kljk wdujhw lq dwlrq udwh +l1h1/
rqh pljkw plvwdnhqo| rewdlq wrr kljk dq hvwlpdwh ri ZW dqg/ dv d uhvxow/ wrr orz dq
hvwlpdwh ri q￿48 Wkh vxevdpsohv zh frqvlghu/ krzhyhu/ dsshdu wr frqwdlq vx!flhqw
yduldwlrq lq lq dwlrq uhodwlyh wr wkh vdpsoh phdq dqg duh vx!flhqwo| orqj wr shuplw xv
wr fruuhfwo| lghqwli| erwk wkh vorsh frh!flhqw rq lq dwlrq/ q dqg wkh wdujhw lq dwlrq
udwh ZW1491
47Vhh/ h1j1/ Fodulgd/ Jdol dqg Jhuwohu ^4<<<‘1
48Wkh hvwlpdwh ri ￿￿ zloo ghshqg khdylo| rq wkh vdpsoh phdq ri lq dwlrq1 Wkxv/ hvwlpdwlqj ryhu
d vkruw shulrg ri deryh wdujhw lq dwlrq fdq jhqhudwh wrr kljk dq hvwlpdwh ri ￿￿= Wkh ryhuhvwlpdwh ri
￿￿ zloo eh dffrpsdqlhg e| dq xqghuhvwlpdwh ri ￿/ vlqfh wkh iruphu zloo dffrxqw iru wkh kljk qrplqdo
udwhv ryhu wkh vkruw shulrg1 E| ohqjwkhqlqj wkh vdpsoh wr lqfoxgh wkh ixoo glvlq dwlrq dqg eh|rqg/
rqh zloo rewdlq dq hvwlpdwh ri ￿￿ wkdw lv forvhu wr wkh wuxh wdujhw/ dqg dv d frqvhtxhqfh d +kljkhu,
hvwlpdwh ri ￿ wkdw lv forvhu wr lwv wuxh ydoxh1
49Zkhq zh frqvlghu vxe0vdpsoh vwdelolw| ri rxu hvwlpdwhv lq vhfwlrq LLL zh dgguhvv wkh vkruw
vdpsoh sureohp e| uhvwulfwlqj vrph frh!flhqwv wr eh frqvwdqw dfurvv wkh vdpsoh +lq wkh fdvhv zkhuh
zh fdqqrw uhmhfw wkh frh!flhqw lv vwdeoh1,
<LLL1 Wkh Ihghudo Uhvhuyh*v Srolf| Uhdfwlrq Ixqfwlrq= wkh
Hylghqfh
Lq wklv vhfwlrq zh uhsruw hvwlpdwhv ri wkh srolf| uhdfwlrq ixqfwlrq gh￿qhg e|
htxdwlrqv +4, dqg +6,1 Zh dffrpsolvk wzr pdlq remhfwlyhv1 Iluvw/ zh ghprqvwudwh
wkh h{lvwhqfh ri d v|vwhpdwlf uhodwlrqvkls ehwzhhq wkh Ixqgv udwh dqg iruhfdvwv ri
ixwxuh lq dwlrq dqg rxwsxw dorqj wkh olqhv vxjjhvwhg e| rxu prgho1 Vhfrqg/ zh
lghqwli| gl￿huhqfhv lq wkh frqgxfw ri prqhwdu| srolf| suh0 dqg srvw04<:<1 Zh gr vr
e| hvwlpdwlqj prqhwdu| srolf| uxohv iru hdfk hud dqg shuiruplqj whvwv ri vwuxfwxudo
vwdelolw| dfurvv shulrgv1
Wkh gdwd duh txduwhuo| wlph vhulhv vsdqqlqj wkh shulrg 4<93=404<<9=71 Zlwk rqh
h{fhswlrq/ zh rewdlq wkh gdwd iurp FLWLEDVH +pqhprqlfv iroorz lq sduhqwkhvhv,1
Zh xvh dv wkh lqwhuhvw udwh wkh dyhudjh Ihghudo Ixqgv udwh +I\II, lq wkh ￿uvw0prqwk ri
hdfk txduwhu/ h{suhvvhg lq dqqxdo udwhv1 Wkh edvholqh lq dwlrq phdvxuh lv wkh +dqqx0
dol}hg, udwh ri fkdqjh ri wkh JGS gh dwru +JGSS, ehwzhhq wzr vxevhtxhqw txduwhuv1
Exw zh dovr uhsruw uhvxowv xvlqj FSL +SXQHZ, lq dwlrq1 Wkh edvholqh ￿rxwsxw jds￿
phdvxuh lv wkh vhulhv frqvwuxfwhg e| wkh Frqjuhvvlrqdo Exgjhw R!fh +FER,1 Zh
dovr xvh wzr dowhuqdwlyh phdvxuhv +ghvfulehg ehorz, edvhg rq wkh ghwuhqghg vhulhv iru
JGS +JGST, dqg wkh xqhpsor|phqw udwh +OKXU,1 Wkh lqvwuxphqw vhw lqfoxghv odjv ri
wkh Ixqgv udwh/ lq dwlrq/ dqg wkh rxwsxw jds/ dv zhoo dv wkh vdph qxpehu ri odjv ri
frpprglw| sulfh lq dwlrq +SVFFRP,/ P5 jurzwk +IP5,/ dqg wkh ￿vsuhdg￿ ehwzhhq wkh
orqj0whup erqg udwh +I\JO, dqg wkh 60prqwk Wuhdvxu| Eloo udwh +I\JP6,14:
Zh glylgh wkh vdpsoh lqwr wzr pdlq vxeshulrgv1 Wkh ￿uvw +93=40:<=5,/ hqfrpsdvvhv
wkh whqxuhv ri Zlooldp P1 Pduwlq/ Duwkxu Exuqv/ dqg J1 Zlooldp Ploohu dv Ihghudo
Uhvhuyh fkdluphq1 Wkh vhfrqg +:<=60<9=7, fruuhvsrqgv wr wkh whupv ri Sdxo Yrofnhu
dqg Dodq Juhhqvsdq1 Dv zh glvfxvvhg lq wkh lqwurgxfwlrq/ wkhvh vxeshulrgv urxjko|
4:Lq forvho| uhodwhg zrun/ Ruskdqlghv ^4<<:‘ hvwlpdwhv d uhdfwlrq ixqfwlrq xvlqj pruh gluhfw phd0
vxuhv ri wkh Ihg*v shufhswlrq ri erwk wkh rxwsxw jds dqg lq dwlrq/ edvhg rq uhdo wlph gdwd1 Klv
uhvxowv/ e| dqg odujh/ frq￿up wkh uhvxowv zh rewdlq1
43fruuhvsrqg wr wkh xqvwdeoh dqg vwdeoh hudv ri uhfhqw pdfurhfrqrplf klvwru|1 Wklv
fkdudfwhul}dwlrq/ zkloh vlpsolvwlf/ lv fohduo| uh hfwhg lq wkh gdwd1 Wdeoh L uhsruwv
wkh vwdqgdug ghyldwlrq ri lq dwlrq +ohyhov dqg KS0ghwuhqghg, dqg rxwsxw +FER jds
dqg KS0ghwuhqghg,/ iru wkh wzr vxeshulrgv1 Wkh uhgxfwlrq lq yrodwlolw| dsshduv
vxevwdqwldo iru hdfk yduldeoh1 Qrw vxusulvlqjo|/ wkh ghfolqh lv pruh gudpdwlf zkhq zh
ehjlq wkh vhfrqg vxeshulrg lq ;5=7/ diwhu Yrofnhu glvlq dwlrq/ dv wkh erwwrp urz ri
wkh Wdeoh lqglfdwhv1
D1 Edvholqh Hvwlpdwhv
Wdeoh LL uhsruwv JPP hvwlpdwhv ri wkh lqwhuhvw udwh uxoh sdudphwhuv ZW/ q/ ￿/
dqg 4 iru hdfk vdpsoh shulrg/ xvlqj wkh FER rxwsxw jds dqg JGS gh dwru lq dwlrq
+rxu edvholqh yduldeohv,1 Wkh wdujhw krul}rq lv dvvxphg wr eh rqh txduwhu iru erwk
lq dwlrq dqg wkh rxwsxw jds1 +l1h1/ & ’ ^ ’￿ ,1 Vwdqgdug huuruv duh uhsruwhg lq
eudfnhwv1 Wkh uljkw0prvw froxpq uhsruwv wkh R0ydoxh dvvrfldwhg zlwk d whvw ri wkh
prgho*v ryhulghqwli|lqj uhvwulfwlrqv +Kdqvhq*v a0whvw,1 Wkh hvwlpdwhv duh edvhg rq d
vshfl￿fdwlrq ri wkh lqwhuhvw udwh uxoh zlwk wzr odjv ri wkh lqwhuhvw udwh +? ’2 ,/ zklfk
vhhphg wr eh vx!flhqw wr holplqdwh dq| vhuldo fruuhodwlrq lq wkh huuru whup1 Irxu odjv
ri wkh lqvwuxphqwv zhuh xvhg1
D qxpehu ri lqwhuhvwlqj uhvxowv vwdqg rxw1 Qrwh ￿uvw wkdw wkh prgho lv qrw uhmhfwhg
dw frqyhqwlrqdo vljql￿fdqfh ohyhov iru dq| ri wkh vshfl￿fdwlrqv ru vdpsoh shulrgv1 Wkh
hvwlpdwhv ri q dqg ￿c ixuwkhu/ jhqhudoo| kdyh wkh h{shfwhg vljq dqg duh vljql￿fdqw
lq prvw fdvhv1 Wkhvh hvwlpdwhv dovr srlqw wr vxevwdqwldo gl￿huhqfhv lq wkh srolf|
uhdfwlrq ixqfwlrq dfurvv shulrgv1 Prvw lpsruwdqwo|/ wkh hvwlpdwh ri q/ wkh frh!flhqw
dvvrfldwhg zlwk h{shfwhg lq dwlrq/ lv vljql￿fdqwo| ehorz xqlw| iru wkh suh0Yrofnhu
shulrg + f￿H￿c zlwk r￿e￿ @ f￿f.,/ dqg idu juhdwhu wkdq rqh iru wkh Yrofnhu0Juhhqvsdq
shulrg +2￿￿Dc zlwk r￿e￿ @ f￿ef,1 Rq wkh rwkhu kdqg/ wkh hvwlpdwhv ri ￿￿wkh frh!flhqw
phdvxulqj wkh vhqvlwlylw| wr wkh f|folfdo yduldeoh￿duh dovr vljql￿fdqw lq erwk shulrgv/
exw rqo| pdujlqdoo| vr iru wkh Yrofnhu0Juhhqvsdq hud14;
4;Vhh ehorz iru ixuwkhu glvfxvvlrq1
44Wkh hvwlpdwhv ri wkh lq dwlrq wdujhw/ ZW/ vhhp txlwh sodxvleoh lq doo fdvhv= urxjko|
irxu dqg d txduwhu shufhqw suh0Yrofnhu dqg wkuhh dqg kdoi shufhqw srvw0 Yrofnhu1
Zkloh wkh srlqw hvwlpdwhv uhyhdo d voljkw grzqzdug wuhqg ryhu wlph/ wkh gl￿huhqfh lv
qrw vljql￿fdqw1 Edvhg rq wklv uhvxow dqg wkh hvwlpdwhv ri k dqg q dfurvv vxe0vdpsohv/
lw grhv qrw vhhp wr eh wkh fdvh wkdw gl￿huhqfhv lq prqhwdu| srolf| suh0 dqg srvw04<:<
uh hfw vlpso| gl￿huhqfhv lq wkh wdujhw lq dwlrq udwh1 Zh vkruwo| suhvhqw vrph pruh
hylghqfh wkdw ehduv rq wklv lvvxh wkdw vwhpv iurp dq dqdo|vlv ri +zlwklq, vxe0vdpsoh
vwdelolw|1
Ilqdoo|/ wkh hvwlpdwh ri wkh vprrwklqj sdudphwhu 4 lv kljk lq doo fdvhv/ vxjjhvw0
lqj frqvlghudeoh lqwhuhvw udwh lqhuwld= Rqo| ehwzhhq 43 dqg 63 shufhqw ri d fkdqjh
lq wkh lqwhuhvw udwh wdujhw lv uh hfwhg lq wkh Ixqgv udwh zlwklq wkh txduwhu ri wkh
fkdqjh1 Wkxv rxu hvwlpdwhv frq￿up wkh frqyhqwlrqdo zlvgrp wkdw wkh Ihghudo Uh0
vhuyh vprrwkv dgmxvwphqwv lq wkh lqwhuhvw udwh1
Wr looxvwudwh krz zhoo wkh prgho fkdudfwhul}hv wkh ehkdylru ri wkh Ixqgv udwh/
Iljxuhv L dqg LL suhvhqw wkh wdujhw udwh hvwlpdwhv iru hdfk vxe0shulrg uhodwlyh wr
wkh dfwxdo ydoxhv ri wkh Ixqgv udwh/ xvlqj rq rxu edvholqh hvwlpdwhv1 Lq hdfk vxe0
shulrg/ wkh wdujhw udwh fdswxuhv wkh eurdg vzlqjv lq wkh dfwxdo udwh uhdvrqdeo| zhoo1
Lqwhuhvwlqjo|/ gxulqj wkh 4<;:04<<5 shulrg wkdw Wd|oru +4<<6, dqdo|}hv/ rxu wdujhw
udwh wudfnv wkh dfwxdo udwh derxw dv zhoo dv grhv wkh vlpsoh Wd|oru uxoh14<
E1 Urexvwqhvv Dqdo|vlv
Zh qh{w h{soruh wkh urexvwqhvv ri rxu uhvxowv dorqj d qxpehu ri glphqvlrqv1 Zh
frqvlghu= +4, dowhuqdwlyh phdvxuhv ri lq dwlrq dqg wkh rxwsxw jds> +5, dowhuqdwlyh wdu0
jhw krul}rqv iru hdfk yduldeoh> +6, uhod{lqj wkh frqvwudlqw rq wkh lqwhufhsw wkdw doorzv
xv wr lghqwli| ZW> +7, sdudphwhu vwdelolw| zlwklq vxe0vdpsohv> +8, d edfnzdug orrnlqj
yduldwlrq ri rxu srolf| uhdfwlrq ixqfwlrq1 Zh ghprqvwudwh wkdw lq hdfk lqvwdqfh/ wkh
4<Zh vwuhvv wkdw zh duh frpsdulqj wkh dfwxdo udwh wr wkh lpsolhg wdujhw udwh/ dv rssrvhg wr wkh
￿wwhg prgho/ zklfk doorzv iru sduwldo dgmxvwphqw1 Wkh ￿wwhg prgho/ ri frxuvh/ zrxog wudfn wkh
dfwxdo udwh hyhq pruh forvho| wkdq grhv wkh wdujhw udwh1
45lqvljkwv iurp wkh edvholqh fdvh uhpdlq lqwdfw1
41 Dowhuqdwlyh Phdvxuhv
Zh ￿uvw uh0hvwlpdwh wkh uhdfwlrq ixqfwlrq xvlqj gl￿huhqw phdvxuhv ri wkh rxwsxw
jds dqg lq dwlrq1 Zh frqvlghu wzr dowhuqdwlyh phdvxuhv ri wkh rxwsxw jds= +d, wkh
ghyldwlrq ri +orj, JGS iurp d ￿wwhg txdgudwlf ixqfwlrq ri wlph> dqg +e, wkh ghyldwlrq
ri wkh xqhpsor|phqw udwh iurp d vlplodu wlph wuhqg/ zlwk wkh vljq ri wkh uhvxowlqj
vhulhv vzlwfkhg153 Ilqdoo|/ zh frqvlghu rqh dowhuqdwlyh phdvxuh ri lq dwlrq= wkh udwh
ri fkdqjh ri wkh frqvxphu sulfh lqgh{ +FSL,1
Wdeoh LLL uhsruwv wkh hvwlpdwhv iru wkh wzr pdlq vxeshulrgv1 Wkh nh| uhvxowv
iurp wkh edvholqh fdvh duh urexvw wr wkh xvh ri dowhuqdwlyh rxwsxw jds dqg lq dwlrq
phdvxuhv1 Lq idfw/ erwk wkh vljqv dqg pdjqlwxghv ri wkh hvwlpdwhg sdudphwhuv uhpdlq
odujho| xqfkdqjhg1 Wkhuh lv/ krzhyhu/ rqh plqru gl￿huhqfh= wkh hvwlpdwhg rxwsxw jds
frh!flhqw iru wkh Yrofnhu0Juhhqvsdq vxeshulrg/ wkrxjk srvlwlyh/ lv qrz lqvljql￿fdqw
xqghu wkh wkuhh vshfl￿fdwlrqv1 Dw wkh vdph wlph/ wkhuh uhpdlqv d vwulnlqj gl￿huhqfh
lq wkh hvwlpdwhg vorsh frh!flhqw iru lq dwlrq dfurvv vxe0shulrgv= ohvv wkdq rqh ehiruh
Yrofnhu/ juhdwhu wkdq rqh xqghu Yrofnhu0Juhhqvsdq/ zlwk srlqw hvwlpdwhv yhu| forvh
wr wkrvh rewdlqhg lq wkh edvholqh fdvh1
51 Dowhuqdwlyh Krul}rqv
Lq wkh edvholqh fdvh zh dvvxph wkdw wkh Ihghudo Uhvhuyh orrnv dkhdg rqh txduwhu
iru erwk lq dwlrq dqg wkh rxwsxw jds1 Zh qrz frqvlghu doorzlqj iru dowhuqdwlyh￿
dqg/ lq rxu rslqlrq/ pruh uhdolvwlf￿wdujhw krul}rqv iru wkh vdph yduldeohv1 Wdeoh
LY uhsruwv uhvxowv iru E& ’e /^’￿ ￿ dv zhoo dv E& ’e /^’2 ￿ / l1h1 wkh Ihg lv
dvvxphg wr kdyh d wdujhw krul}rq ri rqh |hdu iru lwv lq dwlrq wdujhw dqg ri rqh +ru
wzr, txduwhuv iru wkh rxwsxw1 Rqh irupdo udwlrqdoh lv wkdw wkhvh krul}rqv duh urxjko|
lq olqh zlwk wkh frqyhqwlrqdo zlvgrp uhjduglqj wkh odj zlwk zklfk prqhwdu| srolf|
d￿hfwv hlwkhu yduldeoh +h1j1/ Ehuqdqnh dqg Plkry/ 4<<;,1 Lq dgglwlrq/ wkhvh ydoxhv
dv urxjko| frqvlvwhqw zlwk lqirupdo glvfxvvlrqv ri srolf| wdfwlfv e| Ihghudo Uhvhuyh
53Zh vzlwfk wkh vljq ri wkh vhulhv lq rughu wr suhvhuyh wkh vljq lqwhusuhwdwlrq iru sdudphwhu ￿1
46r!fldov1 Lq hlwkhu fdvh/ wkh uhvxowv duh txdolwdwlyho| yhu| vlplodu wr wkrvh uhsruwhg lq
Wdeoh LL1
61 Xquhvwulfwhg Lqwhufhsw
Dv zh glvfxvvhg/ rxu dssurdfk lghqwl￿hv wkh lq dwlrq wdujhw ZW e| dvvxplqj wkdw
wkh htxloleulxp uhdo udwh ooW lv nqrzq dqg htxdo wr wkh revhuyhg dyhudjh uhdo udwh ryhu
wkh uhohydqw vdpsoh shulrg1 Khuh zh uhod{ wkdw dvvxpswlrq dqg wuhdw oW dv xqrevhuyhg/
dw wkh frvw ri ohdylqj ZW xqlghqwl￿hg +rqo| k ￿ ooW￿Eq￿￿￿ZW lv lghqwl￿hg,1 Wdeoh Y
uhsruwv wkh hvwlpdwhv iru wkh uhpdlqlqj sdudphwhuv wkxv rewdlqhg1 Wkh rqo| vljql￿fdqw
gl￿huhqfh uhodwlyh wr rxu edvholqh hvwlpdwhv ri Wdeoh LL lv jlyhq e| wkh lqvljql￿fdqfh
ri wkh rxwsxw jds frh!flhqw zkhq wkh uxoh lv hvwlpdwhg iru wkh ixoo Yrofnhu0Juhhqvsdq
vdpsoh shulrg1 Wklv ￿qglqj lv uhplqlvfhqw ri wkdw rewdlqhg zkhq yduldeohv rwkhu wkdq
wkh edvholqh zhuh xvhg +vhh Wdeoh LLL,1
71 Vxevdpsoh Vwdelolw|
Zh qh{w h{soruh wkh vwdelolw| ri sdudphwhuv zlwklq hdfk vxe0vdpsoh1 Dprqj rwkhu
wklqjv/ wklv h{huflvh shuplwv xv wr uhod{ wkh dvvxpswlrq wkdw wkh lq dwlrq wdujhw ZW lv
frqvwdqw zlwklq wkh hvwlpdwlrq shulrg1 Lw lv frqfhlydeoh/ iru h{dpsoh/ wkdw wkhuh zdv
dq xszdug vkliw lq wkh wdujhw gxulqj wkh shulrg ri ulvlqj lq dwlrq lq wkh 4<:3v1
D vlpsoh dqg qdwxudo zd| wr surfhhg lv wr dvvxph wkdw wkh srolf| uhdfwlrq ixqfwlrq
lv vwdeoh gxulqj wkh whqxuh ri wkh Ihghudo Uhvhuyh fkdlupdq lq fkdujh dw wkh wlph/
exw pd| ydu| dfurvv Fkdluphq1 Li zh wdfn wkh eulhi shulrg ri Ploohu +:;=40:<=6, rq wr
Exuqv +:3=40:;=4,/ wkhq hdfk vxe0shulrg pd| eh glylghg lqwr wzr uhjlphv ri urxjko|
htxdo ohqjwk1 Iru wkh suh04<:< vdpsoh zh wkxv kdyh= Pduwlq +93=409<=7, dqg Exuqv0
Ploohu +:3=40:<=5,1 Iru wkh srvw04<:<= Yrofnhu +:<=60;9=7, dqg Juhhqvsdq +;:=40<9=7,1
Dv glvfxvvhg hduolhu/ hvwlpdwlqj wkh srolf| uxoh ryhu vkruw vdpsohv fdq jhqhudwh
lpsuhflvh hvwlpdwhv/ jlyhq wkh olplwhg qxpehu ri revhuydwlrqv1 Dffruglqjo|/ zh dgrsw
wkh iroorzlqj surfhgxuh= Zh ￿uvw hvwlpdwh wkh uhdfwlrq ixqfwlrq iru hdfk edvholqh
shulrg +suh0Yrofnhu ru Yrofnhu0Juhhqvsdq,/ exw doorzlqj iru d vkliw dfurvv Fkdluphq
lq hdfk ri wkh frh!flhqwv +e| phdqv ri dssursuldwh gxpplhv,1 Vhfrqg/ zh uh0hvwlpdwh
47wkh uxoh diwhu frqvwudlqlqj doo wkh sdudphwhuv iru zklfk wkh vkliw zdv irxqg wr eh
lqvljql￿fdqw lq wkh ￿uvw vwdjh wr eh frqvwdqw dfurvv Fkdluphq/ zkloh doorzlqj iru
fkdqjhv lq wkh uhpdlqlqj sdudphwhuv1 Wkh uhvxowlqj hvwlpdwhv duh uhsruwhg lq Wdeoh
YL1 Zh suhvhqw hvwlpdwhv iru wzr gl￿huhqw wdujhw krul}rqv iru lq dwlrq dqg wkh rxwsxw
jds= +4/4, dqg +7/4,154
Frqvlghu ￿uvw wkh suh0Yrofnhu shulrg1 Lqwhuhvwlqjo|/ qr vljql￿fdqw gl￿huhqfh dulvhv
dfurvv Fkdluphq lq hlwkhu wkh ydoxh ri wkh lq dwlrq wdujhw ZW/ ru lq wkh lq dwlrq
frh!flhqw q1 Wkh srlqw hvwlpdwhv iru wkh lq dwlrq wdujhw +lq wkh 80: shufhqw udqjh,
duh vrphzkdw deryh wkh edvholqh hvwlpdwhv iru wkh ixoo suh0Yrofnhu vdpsoh/ wkrxjk
qrw vljql￿fdqwo| vlqfh wkh vwdqgdug huuruv duh qrz udwkhu odujh1 Wkh hvwlpdwhg ydoxh
iru wkh lq dwlrq frh!flhqw lv ehorz xqlw| dqg lv lq olqh zlwk wkh edvholqh hvwlpdwhv1
Wkh rqo| qrwdeoh ghsduwxuh iurp wkh edvholqh fdvh lv wkdw wkh rxwsxw jds frh!flhqw
lv lqvljql￿fdqw xqghu Pduwlq*v whqxuh/ exw srvlwlyh dqg vljql￿fdqw xqghu Exuqv dqg
Ploohu1
Rxu surfhgxuh ghwhfwv ihz urexvw gl￿huhqfhv dfurvv wkh Yrofnhu dqg Juhhqvsdq
hudv1 Dv lq wkh suh0Yrofnhu hud/ wkh hvwlpdwhv ZW dqg q duh vwdeoh dfurvv fkdluphq1
Hvwlpdwhv iru hdfk sdudphwhu/ ixuwkhu/ duh forvh wr wkrvh rewdlqhg lq wkh edvholqh
fdvh1 Zlwk d rqh0shulrg krul}rq iru erwk lq dwlrq dqg wkh rxwsxw jds/ wkh frh!flhqw
rq wkh odwwhu lv forvh wr }hur +dqg lqvljql￿fdqw, xqghu Yrofnhu/ exw lv srvlwlyh dqg
vljql￿fdqw xqghu Juhhqvsdq1 Rq wkh rwkhu kdqg/ zkhq wkh wdujhw krul}rq iru lq dwlrq
lv irxu txduwhuv/ wklv gl￿huhqfh ydqlvkhv1 Wkh hvwlpdwhg frpprq ydoxh lv srvlwlyh dqg
vljql￿fdqw1 Lq dgglwlrq/ wkh hvwlpdwhv xqghu wkh +7/4, krul}rq srlqw wr d vljql￿fdqw
lqfuhdvh lq wkh ghjuhh ri vprrwklqj ri lqwhuhvw udwh fkdqjhv xqghu Juhhqvsdq/ dv
uh hfwhg lq wkh vljql￿fdqwo| kljkhu hvwlpdwh ri wkh sdudphwhu 41
Dv d ￿qdo fkhfn rq vxevdpsoh vwdelolw| zh h{soruh wkh h￿hfwv ri uhprylqj wkh ￿uvw
wkuhh |hduv ri wkh Yrofnhu hud iurp wkh hqwluh Yrofnhu0Juhhqvsdq vdpsoh1 Wkhuh duh dw
54Vlqfh zh dovr gxpp| doo wkh lqvwuxphqwv/ zh rqo| xvh rqo| wzr lqvwuxphqw odjv lq rxu vxevdp0
soh vwdelolw| dqdo|vlv/ wkxv nhhslqj wkh wrwdo qxpehu ri lqvwuxphqwv +dqg wkh ghjuhhv ri iuhhgrp,
frpsdudeoh wr wkh rwkhu vshfl￿fdwlrqv1
48ohdvw wzr uhdvrqv iru grlqj wklv1 Iluvw/ wklv shulrg zdv fkdudfwhul}hg e| d vkdus/ rqh0
vkrw glvlq dwlrq hslvrgh/ zklfk eurxjkw lq dwlrq grzq iurp urxjko| 43 shufhqw lq
4<;3 wr 7 shufhqw lq 4<;6/ d ohyho durxqg zklfk lw vwdelol}hg1 Vhfrqg/ ryhu wkh shulrg
4<:<=7 0 4<;5=7/ wkh rshudwlqj surfhgxuhv ri wkh Ihghudo Uhvhuyh lqyroyhg wdujhwlqj
qrq0eruurzhg uhvhuyhv dv rssrvhg wr wkh Ihghudo Ixqgv udwh1 55 Lq rughu wr pdnh
vxuh wkdw qhlwkhu ri wkrvh ihdwxuhv duh ryhu0lq xhqflqj rxu hvwlpdwhv iru wkh Yrofnhu0
Juhhqvsdq shulrg/ zh uh0hvwlpdwh wkh uhdfwlrq ixqfwlrq iru wkh shulrg ;5=70<9=7/ wkxv
h{foxglqj wkh shulrg ri qrq0eruurzhg uhvhuyhv wdujhwlqj1 Wkh fruuhvsrqglqj uhvxowv/
iru wzr dowhuqdwlyh krul}rqv/ duh vkrzq lq wkh erwwrp sdqho ri Wdeoh YL1
Rqfh djdlq/ wkh hvwlpdwhv ri q￿wkh frh!flhqw dvvrfldwhg zlwk h{shfwhg lq dwlrq￿
duh deryh xqlw| dqg qrw vwdwlvwlfdoo| gl￿huhqw iurp wkh edvholqh fdvh +wkrxjk wkh
hvwlpdwh iru wkh +4/4, krul}rq lv qrlv|,561 Rq wkh rwkhu kdqg/ wkh hvwlpdwhv ri ￿￿wkh
frh!flhqw phdvxulqj wkh vhqvlwlylw| wr wkh f|folfdo yduldeoh￿doo ehfrph yhu| vpdoo
dqg lqvljql￿fdqw zkhq zh xvh srvw0;5 gdwd +lq frqwudvw zlwk rxu uhvxowv iru wkh ixoo
Yrofnhu0Juhhqvsdq shulrg,1 Wkxv/ khuh zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh Ihg
kdv h￿hfwlyho| sxuvxhg d ￿sxuh lq dwlrq wdujhwlqj￿ srolf|1
Lq vxp/ wkh nh| lqvljkwv rewdlqhg wkh edvholqh fdvh duh urexvw wr doorzlqj iru vwuxf0
wxudo fkdqjhv dfurvv Fkdluphq1 Lq sduwlfxodu/ wkh vwulnlqj gl￿huhqfh lq wkh uhdfwlrq
55Dv zh qrwhg hduolhu/ Jrrgiulhqg +4<<4, dujxhv irufhixoo| wkdw wkh Ihghudo Uhvhuyh glg lqghhg
fkrrvh wdujhwv iru qrq0eruurzhg uhvhuyhv ryhu wklv shulrg xowlpdwho| zlwk dq remhfwlyh iru wkh sdwk
ri wkh lqwhuhvw udwh lq plqg1 Qhyhuwkhohvv/ Ehuqdqnh dqg Plkry ^4<<;‘ suhvhqw hylghqfh wkdw ryhu wkh
4<:<=43 0 4<;5 shulrg qrq0eruurzhg uhvhuyhv zdv wkh rshudwlqj lqvwuxphqw ri prqhwdu| srolf|/ zklfk
dffrugv zlwk frqyhqwlrqdo zlvgrp1 Iru wkh uhvw ri wkh wlph wkh| vkrz lw lv uhdvrqdeoh wr wuhdw wkh
Ihghudo Ixqgv udwh dv wkh lqvwuxphqw ri prqhwdu| srolf|1 Lq d frpsdqlrq sdshu/ Fodulgd/ Jdol dqg
Jhuwohu ^4<<:e‘/ zh vkrz wkdw rxu edvholqh vshfl￿fdwlrq lv urexvw wr doorzlqj iru wkh srvvlelolw| wkdw
wkh Ihg pd| uhvsrqg wr prqh| jurzwk lqghshqghqwo| ri lwv suhglfwlyh srzhu iru lq dwlrq1 Wkdw lv/
zh uhmhfw wkh k|srwkhvlv wkdw wkh Ihg zdv wdujhwlqj prqh| jurzwk1 Rxu uhvxowv duh wkxv frqvlvwhqw
zlwk Iulhgpdq dqg Nxwwqhu ^4<<9‘1
56Li zh gr qrw uhvwulfw wkh lqwhufhsw wr lghqwli| ￿￿> wkhq wkh hvwlpdwh ri ￿ lv vljql￿fdqwo| deryh
xqlw| dqg wljkwo| hvwlpdwhg iru wkh +4>4, krul}rq/ dv zhoo dv iru wkh +7>4, krul}rq1
49ixqfwlrq dfurvv wlph lv wkh ulvh lq wkh vorsh frh!flhqw rq lq dwlrq iurp voljkwo| ohvv
wkdq xqlw| suh0Yrofnhu wr durxqg wzr lq wkh Yrofnhu0Juhhqvsdq hud1
81 Edfnzdug orrnlqj hvwlpdwhv
Zh frpsohwh rxu urexvwqhvv dqdo|vlv e| uhsruwlqj wkh hvwlpdwhv iru gl￿huhqw vxe0
shulrgv ri d edfnzdug orrnlqj uxoh ri wkh vruw frqvlghuhg e| Wd|oru ^4<<6‘1 Rxu yhuvlrq
ri wkdw uxoh fruuhvsrqgv wr vshfl￿fdwlrq +7, zlwk erwk & dqg ^ vhw wr ￿￿1 Wdeoh YLL
uhsruwv wkh fruuhvsrqglqj uhvxowv1 Doo wkh txdolwdwlyh ihdwxuhv ri rxu edvholqh vshfl￿0
fdwlrq hvwlpdwhv vhhp wr krog khuh dv zhoo/ vxjjhvwlqj wkdw wkh| duh qrw lqkhuhqw wr
wkh iruzdug orrnlqj vshfl￿fdwlrq ri wkh lqwhuhvw udwh uxoh1 Lq vxp/ zkloh zh ylhz wkh
iruzdug orrnlqj vshfl￿fdwlrq dv pruh sodxvleoh d sulrul/ rxu nh| lqvljkwv dovr rewdlq
iurp wkh edfnzdug orrnlqj vshfl￿fdwlrq1
F1 Glvfxvvlrq ri wkh Hpslulfdo Uhvxowv
Ryhudoo/ rxu hvwlpdwhv srlqw wr wkh h{lvwhqfh ri lpsruwdqw gl￿huhqfhv dfurvv shul0
rgv lq wkh vhqvlwlylw| ri prqhwdu| srolf|1 Wklv uhvxow/ ixuwkhu/ dsshduv wr eh d urexvw
ihdwxuh ri wkh gdwd1 Vshfl￿fdoo|/ gxulqj wkh suh0Yrofnhu shulrg/ lq uhvsrqvh wr iruh0
fdvwdeoh lq dwlrqdu| suhvvxuhv/ wkh Ihghudo Uhvhuyh whqghg wr ohw uhdo lqwhuhvw udwhv
ghfolqh ru/ dw ehvw/ glg qrw wu| wr udlvh wkhp1 Lq rwkhu zrugv/ zkloh wkh fhqwudo edqn
glg udlvh qrplqdo udwhv/ lw glg qrw gr vr vx!flhqwo| wr udlvh uhdo udwhv157 Wklv nlqg ri
uhvsrqvh fohduo| grhv qrw vwdelol}h lq dwlrq xqghu dq| sodxvleoh ylhz ri wkh olqndjhv
ehwzhhq uhdo udwhv/ djjuhjdwh ghpdqg/ rxwsxw/ dqg lq dwlrq581 Wkxv/ dffruglqj wr
57Rxu ￿qglqj ri d ohvv wkdq rqh0iru0rqh dgmxvwphqw ri wkh qrplqdo udwh wr fkdqjhv lq h{shfwhg
lq dwlrq lv forvho| uhodwhg wr wkh ￿qglqj ri d vwurqj qhjdwlyh fruuhodwlrq ehwzhhq wkh hvwlpdwhg
h{shfwhg lq dwlrq udwh dqg wkh hvwlpdwhg uhdo udwh e| Plvknlq ^4<;4‘ dqg rwkhuv lq wkh frqwh{w ri
dq h{sorudwlrq ri wkh Ilvkhu k|srwkhvlv1 Lqwhuhvwlqjo|/ wkh vdpsoh shulrg lq Plvknlq*v sdshu hqgv lq
4<:<=7/ mxvw rqh txduwhu diwhu Yrofnhu ehjdq klv whqxuh dv Ihg fkdlupdq$1 Ixuwkhupruh/ lq vxevhtxhqw
zrun/ Kxl}lqjd dqg Plvknlq ^4<;9‘ vkrz irupdoo| wkdw wkhuh lv d vkliw lq lqwhuhvw udwh ehkdylru ehiruh
dqg diwhu Rfwrehu 4<:<1
58Dv zh qrwhg dw wkh hqg ri vhfwlrq LL/ li wkh Ihg uhvsrqgv djjuhvvlyho| rqo| odujh ghyldwlrqv ri
lq dwlrq iurp wdujhw exw qrw wr vpdoo ghyldwlrqv/ wkhq lw pd| eh srvvleoh wr rewdlq dq hvwlpdwh ri
4:rxu uhvxowv/ wkh shuvlvwhqw dqg yrodwloh ehkdylru ri lq dwlrq lq wkh suh0Yrofnhu hud
pd| eh sduwo| gxh wr wkh prqhwdu| uxoh lq sodfh/ lqghshqghqwo| ri wkh qdwxuh ri wkh
ixqgdphqwdo vkrfnv zklfk pd| kdyh lpslqjhg rq wkh hfrqrp| gxulqj wkdw shulrg1
E| zd| ri frqwudvw/ xqghu wkh Yrofnhu0Juhhqvsdq uhjlph/ wkh Ihghudo Uhvhuyh kdv
vxevwdqwldoo| udlvhg wdujhw uhdo udwhv lq wkh zdnh ri dq dqwlflsdwhg lqfuhdvh lq lq dwlrq
+rq d wzr0iru0rqh edvlv/ dffruglqj wr d urxjk dyhudjh ri rxu srlqw hvwlpdwhv,1 Wr wkh
h{whqw wkdw d ulvh lq wkh uhdo udwh vorzv grzq wkh ohyho ri hfrqrplf dfwlylw| dqg uholhyhv
lq dwlrqdu| suhvvxuhv/ wkh lqwhuhvw udwh srolf| lq wkh Yrofnhu0Juhhqvsdq hud surylghv
d qdwxudo h{sodqdwlrq iru wkh vwdelolw| ri lq dwlrq h{shulhqfhg e| wkh XV hfrqrp| lq
uhfhqw |hduv1
G1 Rlo Vkrfnv yhuvxv Prqhwdu| Srolf|
Rxu dqdo|vlv kdv hpskdvl}hg krz gl￿huhqfhv lq prqhwdu| srolf| pljkw dffrxqw iru
gl￿huhqfhv lq pdfurhfrqrplf ehkdylru suh0 dqg srvw04<:<1 Dq dowhuqdwlyh +wkrxjk
qrw lqfrpsdwleoh, k|srwkhvlv srlqwv wr wkh uroh ri wkh wzr pdmru rlo vkrfnv wkdw
rffxuuhg lq4<:6 dqg lq 4<:<1 Lqghhg/ Kdplowrq +4<;6, kdv dujxhg irufhixoo| wkdw
rlo vkrfnv duh d fhqwudo gulylqj irufh lq exvlqhvv f|fohv1 Wklv udlvhv wkh txhvwlrq ri
zkhwkhu wkh sdwwhuq ri rlo vkrfnv dorqh frxog dffrxqw iru wkh vkliw lq pdfurhfrqrplf
yrodwlolw|1
Iru wzr glvwlqfw uhdvrqv/ krzhyhu/ zh eholhyh wkdw gl￿huhqfhv lq prqhwdu| srolf|
uhpdlq fulwlfdo wr wkh vwru|1 Iluvw/ uhfhqw zrun e| GhOrqj +4<<:,/ Ehuqdqnh/ Jhuwohu
dqg Zdwvrq +4<<:, +EJZ,/ Eduvn| dqg Nlooldq +4<<;, +EN, dqg rwkhuv txhvwlrqv
wkh ghjuhh wr zklfk rlo vkrfnv fdq dffrxqw iru wkh hyhqwv ri wkh 4<:3v1 Vhfrqg/ dqg
shukdsv pruh lpsruwdqw/ hyhq li rqh dffhswv wkh ylhz wkdw wkh rlo vkrfnv zhuh fulwlfdo
wr wkh wzr pdmru uhfhvvlrqv/ lw zrxog eh gl!fxow iru wkhvh vkrfnv wr jhqhudwh wkh
nlqg ri shuvlvwhqw lq dwlrq wkdw durvh lq wklv hud lq wkh devhqfh ri dq dffrpprgdwlqj
￿ wkdw lv ohvv wkdq xqlw|/ hyhq wkh wkh srolf| uhjlph lv jhduhg wrzdug vwdelo}lqj lq dwlrq1 Krzhyhu/
iru wklv vfhqdulr wr sodxvleoh/ zh vkrxog dovr revhuyh olwwoh yduldwlrq ri lq dwlrq derxw wdujhw1 Wklv
zdv fohduo| qrw wkh fdvh lq wkh Pduwlq0Exuqv0Ploohu vdpsoh1
4;prqhwdu| srolf|1 Zh eulh | hoderudwh rq hdfk srlqw1
Dw d plqlpxp/ wkh qrwlrq wkdw wkh rlo vkrfnv fdq odujho| dffrxqw iru wkh yrodwloh
ehkdylru lq rxwsxw gxulqj 4<:3v shulrg lv rshq wr ghedwh1 Zkloh d pdmru vkrfn wr
wkh uhdo sulfh ri rlo suhfhghg erwk wkh :70:8 dqg ;30;5 uhfhvvlrqv/ lw lv dovr wuxh wkdw
vljql￿fdqw wljkwhqlqj ri prqhwdu| srolf| suhfhghg hdfk ri wkhvh grzqwxuqv +vhh/ h1j1/
EJZ,1 Wkh erwwrp olqh lv wkdw lw lv d qrq0wulyldo h{huflvh wr vruw rxw wkh uhodwlyh
lpsruwdqfh ri wkh rlo vkrfnv yhuvxv prqhwdu| srolf| ryhu wklv shulrg1 Wkh ruljlqdo
Kdplowrq +4<;6, hylghqfh/ zklfk lv edvhg rq d elyduldwh dqdo|vlv ri rlo sulfhv dqg
rxwsxw/ grhv qrw frqiurqw wklv lghqwl￿fdwlrq sureohp1 Pxowlyduldwh dqdo|vhv/ zklfk
dprqj rwkhu wklqjv doorzv iru dq lqglfdwru ri prqhwdu| srolf|/ srlqw wr d vljql￿fdqwo|
zhdnhu uroh iru rlo vkrfnv lq rxwsxw g|qdplfv +vhh/ h1j1/ EJZ dqg wkh uhihuhqfhv
wkhuhlq,1 EJZ/ ixuwkhu/ suhvhqw hylghqfh wr vxjjhvw wkdw wkh hqgrjhqrxv wljkwhqlqj
ri prqhwdu| srolf| lq uhvsrqvh wr wkh rlo sulfh lqfuhdvhv dffrxqwv iru pxfk ri wkh
vxevhtxhqw grzqwxuq lq rxwsxw/ dv rssrvhg wr wkh gluhfw lpsdfw ri wkh rlo vkrfnv
wkhpvhoyhv159
Zkloh wkhuh lv urrp wr ghedwh wkh lpsruwdqfh ri wkh rlo vkrfnv iru uhdo dfwlylw|
ryhu wklv shulrg/ wkh fdvh wkdw wkhvh vkrfnv dorqh dffrxqw iru wkh vxvwdlqhg kljk
lq dwlrq lv frpsohwho| xqshuvxdvlyh1 Qrwh ￿uvw wkdw wkh Kdplowrq hylghqfh lv vlohqw
rq wkh olqn ehwzhhq wkh rlo vkrfnv dqg lq dwlrq1 Rq wkh rwkhu kdqg/ dv GhOrqj
+4<<:, hpskdvl}hv/ wlplqj frqvlghudwlrqv pdnh wkh rlo vkrfnv vxvshfw dv wkh ohdglqj
h{sodqdwlrq iru wkh lq dwlrq ryhu wklv shulrg1 Iljxuh LLL looxvwudwhv wklv srlqw1 Wkh
wrs sdqho sorwv wkuhh0txduwhu fhqwhuhg prylqj dyhudjhv ri wkh uhdo rlo sulfh djdlqvw
59Dorqj wkhvh olqhv/ erwk EJZ dqg EN suhvhqw hylghqfh wr vxjjhvw wkdw wkh wljkwhqlqj ri prq0
hwdu| srolf| lq uhvsrqvh wr wkh qrq0rlo frpprglw| sulfh vkrfnv wkdw suhfhghg wkh rlo vkrfnv kdg
d pxfk juhdwhu uroh lq wkh 4<:70:8 uhfhvvlrq wkdq glg wkh rlo vkrfnv1 EN dujxh ixuwkhu wkdw hdv|
prqhwdu| srolf| gxulqj 4<:5 lqgxfhg wkh uxq0xs lq frpprglw| sulfhv1 Ilqdoo|/ wkh orqj odj ehwzhhq
wkh 4<:< rlo vkrfn dqg wkh wkh ;40;5 uhfhvvlrq pdnhv txhvwlrqdeoh zkhwkhu wkh iruphu zdv fhqwudo
wr wkh odwwhu/ hvshfldoo| jlyhq wkh vxvwdlqhg wljkwhqlqj ri prqhwdu| srolf| ryhu wklh shulrg1 Ixuwkhu/
wkh Fduwhu fuhglw frqwurov dsshduhg wr kdyh ehhq dw zrun gxulqj wkh eulhi grzqwxuq lq 4<;31
4<lq dwlrq ryhu wkh shulrg 4<93=4 04<<:=41 Dv GhOrqj dujxhv/ wkh lqlwldo exlog0xs ri
lq dwlrq lq wkh odwh 4<93v dqg hduo| 4<:3v rffxuv sulru wr wkh ￿uvw rlo vkrfn1 Lqghhg/
xqwlo wkh wlph ri wkh ￿uvw rlo vkrfn lq 4<:7/ wkh uhdo rlo sulfh lv vwhdglo| ghfolqlqj/
zkloh lq dwlrq lv vwhdglo| ulvlqj1 Wkh uhdo rlo sulfh wkhq uhpdlqv frqvwdqw xqwlo odwh
4<:</ wkh shulrg ri wkh vhfrqg pdmru rlo vkrfn1 Qrwh djdlq wkdw wkhuh lv d vwhdg|
ulvh lq lq dwlrq ryhu d wkuhh |hdu shulrg sulru wr wklv vkrfn1 Lq wxuq/ wkh ghfolqh lq
lq dwlrq lq wkh hduo| 4<;3v dsshduv wr ohdg wkh ghfolqh lq wkh uhdo rlo sulfh1 Irupdo
hylghqfh lq EJZ dqg EN vxssruwv wklv ghvfulswlyh hylghqfh1 Wkh vdph pxowl0yduldwh
dqdo|vlv wkdw vxjjhvwv d prghvw h￿hfw ri rlo sulfhv rq rxwsxw lqglfdwhv dq hyhq zhdnhu
h￿hfw rq lq dwlrq15:
Hyhq dvvxplqj wkdw wkh rlo vkrfnv sod|hg d fulwlfdo uroh/ wkh xowlpdwh lpsdfw
ri wkhvh glvwxuedqfhv rq rxwsxw dqg lq dwlrq ghshqgv yhu| pxfk rq wkh ihhgedfn
prqhwdu| srolf| uxoh wkdw lv lq sodfh1 Lw lv kdug wr lpdjlqh/ iru h{dpsoh/ wkdw wkh
4<:6 rlo vkrfn dorqh frxog kdyh jhqhudwhg kljk lq dwlrq xs wr wkh wlph ri wkh vhfrqg
vkrfn lq 4<:</ lq wkh devhqfh ri dq dffrpprgdwlqj prqhwdu| srolf|1 Zh ghprqvwudwh
wklv srlqw h{solflwo| lq wkh qh{w vhfwlrq1 Lq sduwlfxodu/ zh vkrz lq wkh frqwh{w ri d
vpdoo pdfur prgho wkdw d vxsso| vkrfn fdq lqghhg lqgxfh shuvlvwhqw lq dwlrq xqghu
wkh hvwlpdwhg suh0Yrofnhu uxoh/ exw qrw xqghu wkh hvwlpdwhg Yrofnhu0Juhhqvsdq uxoh1
Lq wklv uhvshfw/ wkh qdwxuh ri wkh prqhwdu| srolf| uxoh pxvw xqgrxewhgo| eh d fulwlfdo
idfwru lq wkh 4<:3v shulrg ri vwdj dwlrq1
Ilqdoo|/ Iljxuh LY sorwv wkh ehkdylru ri wkh h{ srvw uhdo lqwhuhvw udwh yhuvxv lq d0
wlrq +djdlq xvlqj wkuhh txduwhu fhqwhuhg prylqj dyhudjhv,1 Qrwh wkdw suh04<:</ wkh
uhdo udwh vwhdglo| ghfolqhv dv lq dwlrq ulvhv1 Frqyhuvho|/ wkh uhdo udwh ulvh vkduso| lq
odwh 4<:</ ohdglqj wkh vxevhtxhqw ghfolqh lq lq dwlrq1 Wklv slfwxuh lv wkxv frqvlvwhqw
5:Lq d pxowl0yduldwh v|vwhp wkdw lqfoxghv uhdo JGS/ wkh JGS gh dwru/ qrq0rlo frpprglw| sulfhv/
wkh Ihghudo Ixqgv udwh dqg Kdplowlrq*v suhihuuhg lqgh{ ri rlo vkrfnv +wkh plqlpxp ri }hur dqg
wkh fxuuhqw rlo sulfh plqxv wkh odujhvw sulfh ryhu wkh suhylrxv irxu txduwhuv,/ wkh rlo vkrfn phdvxuh
dffrxqwv iru dw ehvw urxjko| whq shufhqw ri wkh yduldwlrq lq wkh JGS gh dwru ryhu wkh shulrg 4<93=4
wr 4<;7=71 H{whqglqj wkh vdpsoh wr 4<<:=7 srlqwv wr dq hyhq zhdnhu h￿hfw ri wkh rlo vkrfn1
53zlwk rxu vwru|/ zklfk hpskdvl}hv wkh vzlwfk lq prqhwdu| srolf| iurp dffrpprgdwlqj
wr frpedwlqj lq dwlrq15; Lq wkh qh{w vhfwlrq zh  hvk rxw wkh lpsolfdwlrqv ri wkh
gl￿huhqfhv lq prqhwdu| srolf| suh0 dqg srvw0Yrofnhu/ xvlqj d vlpsoh pdfurhfrqrplf
iudphzrun1
LY1 Lqwhuhvw Udwh Uxohv dqg Hfrqrplf Ioxfwxdwlrqv
Lq wklv vhfwlrq zh dqdo|}h vrph ri wkh pdfurhfrqrplf lpsolfdwlrqv ri wkh hvwl0
pdwhg prqhwdu| srolf| uhdfwlrq ixqfwlrqv1 Zh gr vr lq wkh frqwh{w ri d prqhwdu|
exvlqhvv f|foh prgho zlwk vwlfn| sulfhv1 Zh ￿uvw suhvhqw wkh prgho*v htxloleulxp
frqglwlrqv/ dqg wkhq dqdo|}h krz wkh surshuwlhv ghshqg rq wkh prqhwdu| srolf| uxoh
lq sodfh1 D frpsuhkhqvlyh dqdo|vlv ri wkh txdqwlwdwlyh surshuwlhv ri wkh prgho lv
eh|rqg wkh vfrsh ri wkh suhvhqw sdshu1 Lqvwhdg/ zh fkrrvh wr irfxv rxu dwwhqwlrq rq
d vshfl￿f/ exw +lq rxu rslqlrq, udwkhu lpsruwdqw dqg idvflqdwlqj lvvxh/ qdpho|/ wkh
h{whqw wr zklfk wkh fkdqjh lq wkh v|vwhpdwlf frpsrqhqw ri prqhwdu| srolf| dfurvv
wkh suh0Yrofnhu dqg wkh Yrofnhu0Juhhqvsdq hudv pd| h{sodlq vrph ri wkh gl￿huhqfhv
lq wkh ghjuhh ri pdfurhfrqrplf lqvwdelolw|/ dv uh hfwhg lq wkh yrodwlolw| phdvxuhv
uhsruwhg lq Wdeoh L1
D1 D Edvholqh Prgho
Rxu edvholqh prgho lv d yhuvlrq ri wkh vwlfn| sulfh prghov irxqg lq Nlqj dqg
Zropdq ^4<<9‘/ Zrrgirug ^4<<9/ 4<<;‘/ dqg \xq ^4<<9‘/ dprqj rwkhuv1 Diwhu orj0
olqhdul}dwlrq durxqg d }hur lq dwlrq vwhdg| vwdwh/ wkh prgho*v htxloleulxp frqglwlrqv
duh vxppdul}hg e| wkh iroorzlqj htxdwlrqv +ljqrulqj xqlqwhuhvwlqj frqvwdqwv,=
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5;Qrwh wkdw wkh prqhwdu| srolf| wljkwhqlqj sulru wr wkh 4<:70:8 uhfhvvlrq lv txlfno| uhyhuvhg/ lq
frqwudvw wr wkh wljkwhqlqj sulru wr wkh 4<;30;5 grzqwxuq1 Wkxv/ dowkrxjk srolf| wljkwhqlqj pd| kdyh
sod|hg d uroh lq wkh 4<:70:8 uhfhvvlrq/ wkh ryhudoo sdwwhuq suh04<:< lv frqvlvwhqw zlwk dffrpprgdwlrq
ri lq dwlrq/ dv rxu irupdo hylghqfh vxjjhvwv1
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Htxdwlrq +9, ghvfulehv wkh fkdqjh lq wkh djjuhjdwh sulfh ohyho dv d ixqfwlrq ri
h{shfwhg ixwxuh lq dwlrq dqg wkh ghyldwlrq ri +orj, rxwsxw +| iurp lwv qdwxudo udwh 5|/
zkhuh wkh odwwhu lv gh￿qhg dv wkh ohyho ri rxwsxw wkdw zrxog rewdlq xqghu ixoo|  h{leoh
sulfhv15< Lw fdq eh ghulyhg iurp wkh djjuhjdwlrq ri rswlpdo sulfh0vhwwlqj ghflvlrqv e|
prqrsrolvwlfdoo| frpshwlwlyh ￿upv/ lq dq hqylurqphqw lq zklfk hdfk ￿up dgmxvwv lwv
sulfh zlwk d frqvwdqw suredelolw| lq dq| jlyhq shulrg163 Htxdwlrq +:, frpelqhv d
vwdqgdug Hxohu htxdwlrq iru frqvxpswlrq zlwk d pdunhw fohdulqj frqglwlrq164 Lw lv
riwhq lqwhusuhwhg dv dq LV vfkhgxoh/ ghwhuplqlqj wkh fxuuhqw rxwsxw jds dv d ixqf0
wlrq ri wkh h{0dqwh uhdo udwh dqg h{shfwhg ixwxuh rxwsxw1 Lq wklv frqwh{w }| fdq eh
lqwhusuhwhg dv dq h{rjhqrxv ghpdqg idfwru1 Zh dvvxph wkdw erwk 5| dqg }| iroorz
vwdwlrqdu| DU+4, surfhvv1 Htxdwlrqv +;, dqg +<, vshfli| wkh srolf| uxoh1 Wkh| duh wkh
wkhruhwlfdo prgho*v frxqwhusduw wr +4, dqg +6,1 Iru vlpsolflw|/ zh uhvwulfw rxuvhoyhv
wr wkh fdvh ri d rqh0shulrg krul}rq +& ’ ^ ’ ￿￿/ dqg dvvxph wkdw doo yduldeohv gdwhg
| ru hduolhu ehorqj wr lqirupdwlrq vhw l|1
Rxu remhfwlyh khuh lv wr vlpxodwh wkh prgho xqghu dowhuqdwlyh srolf| uxohv1 Zh
xvh vwdqgdug phwkrgv wr vroyh iru wkh htxloleulxp g|qdplfv +vhh/ h1j1/ Eodqfkdug
dqg Ndkq ^4<;3‘,1 Zh wkhq fkrrvh wkh qrq0srolf| sdudphwhuv dv iroorzv1 Zh vhw wkh
txduwhuo| glvfrxqw idfwru htxdo wr f￿bb / lpso|lqj dq dqqxdo ulvn0iuhh udwh ri e shufhqw1
Zh vhw j￿wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq￿wr eh htxdo wr ￿/ dqg b￿wkh rxwsxw
5<Jdo￿ dqg Jhuwohu ^4<<;‘ dqg Verugrqh ^4<<;‘ suhvhqw vrph hylghqfh vxjjhvwlqj wkdw +9, surylghv
d jrrg ￿uvw dssur{lpdwlrq wr wkh g|qdplfv ri lq dwlrq lq wkh Xqlwhg Vwdwhv1
63Vxfk d sulfh0vhwwlqj vwuxfwxuh zdv ￿uvw lqwurgxfhg lq Fdoyr ^4<;6‘/ dqg kdv ehhq iuhtxhqwo|
dgrswhg lq pdfurhfrqrplf dssolfdwlrqv dv d vlpsoh/  h{leoh zd| ri lqwurgxflqj sulfh vwlfnlqhvv1 D
vlplodu iruzdug0orrnlqj Skloolsv fxuyh dulvhv/ krzhyhu/ xqghu dowhuqdwlyh sulfh0vhwwlqj dvvxpswlrqv
+h1j1/ txdgudwlf dgmxvwphqw frvwv ru ghwhuplqlvwlf wlph0ghshqghqw uxohv zlwk vwdjjhuhg sulflqj,1
64L dvvxphv d FUUD shulrg0xwlolw| zlwk uhodwlyh ulvn dyhuvlrq sdudphwhu ￿1
55hodvwlflw| ri lq dwlrq htxdo wr f￿￿/ 65 dqg wkh dxwruhjuhvvlyh frh!flhqw ri wkh 5| dqg }|
surfhvvhv htxdo wr f￿b1 Zh fkrrvh wkh srolf| sdudphwhuv/ qc￿cdqg 4 wr fruuhvsrqg wr
rxu hvwlpdwhg srolf|0uhdfwlrq ixqfwlrqv/ ghshqglqj rq wkh uhjlph zh zlvk wr dqdo|}h1
Zh ￿uvw h{soruh krz wkh hvwlpdwhg uxoh iru wkh suh0Yrofnhu hud rshqv xs wkh
srvvlelolw| ri vhoi0ixo￿oolqj  xfwxdwlrqv1 Zh wkhq frpsduh krz wkh hvwlpdwhg suh0
Yrofnhu dqg Yrofnhu0Juhhqvsdq uxohv d￿hfw wkh hfrqrp|*v uhvsrqvh wr ixqgdphqwdo
glvwxuedqfhv1
E1 Lqwhuhvw Udwh Uxohv dqg Hqgrjhqrxv Ioxfwxdwlrqv
Dv hpskdvl}hg e| Nhuu dqg Nlqj ^4<<8‘/ Ehuqdqnh dqg Zrrgirug ^4<<:‘ dqg
Fodulgd/ Jdo￿ dqg Jhuwohu ^4<<:‘/ wkh srolf| ihhgedfn uxoh lwvhoi pd| eh d vrxufh ri
lqvwdelolw| li wkh frh!flhqw rq wkh lq dwlrq jds/ q/ lv ehorz xqlw|1 Ydoxhv ri q lq wklv
udqjh ohdg wr lqghwhuplqdf| ri wkh htxloleulxp/ dqg udlvh wkh srvvlelolw| ri  xfwxdwlrqv
lq rxwsxw dqg lq dwlrq durxqg wkhlu vwhdg| vwdwh ydoxhv wkdw uhvxow iurp vhoi0ixo￿oolqj
uhylvlrqv lq h{shfwdwlrqv166 Wkh lqwxlwlrq lv vwudljkwiruzdug= Zlwk q ehorz xqlw|/ d
ulvh lq dqwlflsdwhg lq dwlrq ohdgv wr d ghfolqh lq wkh uhdo lqwhuhvw udwh1 Wkh ghfolqh
lq wkh uhdo udwh wkhq vwlpxodwhv djjuhjdwh ghpdqg zklfk/ lq wxuq/ lqgxfhv d ulvh lq
lq dwlrq1 Wkh lqlwldo ulvh lq h{shfwhg lq dwlrq wkxv ehfrphv vhoi0frq￿uphg1
Vlqfh wkh hvwlpdwh ri q lv frqvlvwhqwo| ohvv wkdq xqlw| iru wkh suh0Yrofnhu uxoh/
vhoi0ixo￿oolqj  xfwxdwlrqv duh srvvleoh lq wklv uhjlph1 Zkdw gr wkhvh  xfwxdwlrqv orrn
olnhB Iljxuh Y glvsod|v vlpxodwhg wlph vhulhv ri wkh uhvsrqvh ri wkh hfrqrp| wr d
65Wkhuh lv qr zlghvsuhdg frqvhqvxv rq wkh ydoxh ri ￿1 Ydoxhv irxqg lq wkh olwhudwxuh udqjh
iurp 3=38 +Wd|oru ^4<;3‘, wr 4=55 +Fkdul hw do1 ^4<<9‘,1 Iroorzlqj Zrrgirug ^4<<9‘/ zh fkrrvh wkh
lqwhuphgldwh ydoxh 3=63/ zklfk lv frqvlvwhqw zlwk wkh hpslulfdo ￿qglqjv lq Urehuwv ^4<<8‘1
66Lq Fodulgd/ Jdo￿/ dqg Jhuwohu +4<<:, lw lv vkrzq wkdw wkh xqlw wkuhvkrog ydoxh iru ￿ rewdlqv
h{dfwo| rqo| zkhq ￿ @3 / l1h1/ zkhq wkhuh lv qr v|vwhpdwlf uhvsrqvh wr rxwsxw yduldwlrqv1 Dv zh
lqfuhdvh ￿/ wkh orzhu erxqg iru ￿ jrhv grzq/ wkrxjk wkh ghyldwlrq iurp xqlw| lv txdqwlwdwlyho| yhu|
vpdoo +doprvw qhjoljleoh,/ dqg lqghshqghqw ri ￿1 Lq dgglwlrq/ wkh udqjh ri ￿ ydoxhv iru zklfk wkh
htxloleulxp lv xqltxh dovr kdv dq xsshu erxqg1 Lq rwkhu zrugv/ dq ￿h{fhvvlyh￿ uhvsrqvh wr fkdqjhv
lq h{shfwhg lq dwlrq pd| dovr ohdg wr lqghwhuplqdf|1 Wklv lv wkh fdvh hpskdvl}hg e| Ehuqdqnh dqg
Zrrgirug ^4<<:‘1
56vhtxhqfh ri vhoi0ixo￿oolqj uhylvlrqv lq lq dwlrqdu| h{shfwdwlrqv +￿vxqvsrw vkrfnv￿,1
Zh xvh wkh edvholqh hvwlpdwhv ri wkh suh0Yrofnhu uhjlph wr ￿{ wkh sdudphwhuv ri wkh
srolf| uxoh +￿uvw urz ri Wdeoh LL,1 Zh gudz wkh ￿vxqvsrw vkrfnv￿ wr h{shfwdwlrqv iurp
d vwdqgdug qrupdo glvwulexwlrq1 Rxu 4<<: zrunlqj sdshu surylghv wkh ghwdlov1
Wkh ￿jxuh uhsruwv wkh f|folfdo ehkdylru ri rxwsxw/ lq dwlrq dqg wkh qrplqdo lqwhu0
hvw udwh1 Qrwh wkdw shuvlvwhqw  xfwxdwlrqv lq rxwsxw dqg lq dwlrq dulvh/ ghvslwh wkh
devhqfh ri dq| ixqgdphqwdo vkrfnv671 Lq rughu wr jhw vrph lqwxlwlrq iru wkh phfk0
dqlvpv xqghuo|lqj wkhvh vhoi0ixo￿oolqj  xfwxdwlrqv/ Iljxuh YL glvsod|v wkh lpsxovh
uhvsrqvhv ri vhyhudo yduldeohv wr d vxqvsrw vkrfn1 Wkh vxqvsrw uhdol}dwlrq jhqhudwhv/
rq lpsdfw/ dq lqfuhdvh lq h{shfwhg lq dwlrq +dv zhoo dv wkh dqwlflsdwlrq ri d vorz uh0
wxuq wr lwv ruljlqdo ohyho,1 Jlyhq wkh dvvxphg srolf| uxoh/ wkdw iruhfdvw uhylvlrq ohdgv
wr d ulvh lq wkh qrplqdo udwh/ exw wkh odwwhu idoov vkruw ri wkh lqfuhdvh lq h{shfwhg
lq dwlrq wkurxjkrxw wkh hqwluh dgmxvwphqw surfhvv1 Dv d uhvxow/ wkh uhdo udwh vkrzv
d shuvlvwhqw ghfolqh/ ixholqj dq h{sdqvlrq lq rxwsxw dqg d ulvh lq lq dwlrq/ wkxv ydol0
gdwlqj wkh lqlwldo lqfuhdvh lq h{shfwhg lq dwlrq1 Ryhu wlph/ rxwsxw judgxdoo| uhwxuqv
wr wuhqg/ dqg vr gr wkh qrplqdo udwh dqg lq dwlrq/ dv zhoo dv wkh uhdo udwh1
E| zd| ri frqwudvw/ vhoi0ixo￿oolqj  xfwxdwlrqv fdqqrw dulvh xqghu wkh hvwlpdwhg
lqwhuhvw udwh uxoh iru wkh Yrofnhu0Juhhqvsdq shulrg1 Ehfdxvh q lv zhoo deryh xqlw| lq
wklv uhjlph/ vkruw whup uhdo udwhv fdqqrw dgmxvw wr dffrpprgdwhv vxqvsrw vkliwv lq
lq dwlrqdu| h{shfwdwlrqv/ dv wkh| lqvwhdg gr xqghu wkh hvwlpdwhg suh0Yrofnhu srolf|1
Xqghu wklv w|sh ri uhjlph/ dffruglqjo|/ pdfurhfrqrplf  xfwxdwlrqv dulvh rqo| lq wkh
suhvhqfh ri vkrfnv wr ixqgdphqwdov1 Lq rwkhu zrugv/ wkh prqhwdu| srolf| uxoh lq sodfh
lv qrw/ lq lwvhoi/ d vrxufh ri pdfurhfrqrplf lqvwdelolw|1 Rq wkh rwkhu kdqg/ wkh srolf|
uxoh grhv d￿hfw krz wkh hfrqrp| uhvsrqgv wr ixqgdphqwdo vkrfnv1 Zh h{soruh wklv
67Jhqhudoo| vshdnlqj/ wkh vxqvsrw vkrfnv jlyh ulvh wr srvlwlyh fr0pryhphqw ehwzhhq rxwsxw dqg
lq dwlrq1 Wr dffrxqw iru wkh qhjdwlyh fr0pryhphqw wkdw rffxuuhg lq wkh 4<:3v/ lw dsshduv qhfhvvdu|
wr dovr pl{ lq dgyhuvh vxsso| vkrfnv1 Dv zh pdnh fohdu lq wkh qh{w vxevhfwlrq/ krzhyhu/ vxsso|
vkrfnv dorqh fdqqrw dffrxqw iru wkh shuvlvwhqw lq dwlrq ryhu wklv hud= Iru wkhp wr gr vr/ lw lv fulwlfdo
wr dovr kdyh dq dffrprgdwlqj prqhwdu| srolf|1
57lvvxh lq wkh qh{w vhfwlrq1
F1 Qhdu0Lqghwhuplqdf| dqg Ixqgdphqwdo Vkrfnv
Dv zh kdyh mxvw vhhq/ wkh srlqw hvwlpdwhv iru wkh lq dwlrq dqg rxwsxw jds frh!0
flhqwv gxulqj wkh suh0Yrofnhu hud idoo zlwklq wkh lqghwhuplqdf| uhjlrq ri wkh fdqrqlfdo
prgho suhvhqwhg deryh1 Wklv lv wuxh iru doo vshfl￿fdwlrqv frqvlghuhg1 Lq vrph fdvhv/
krzhyhu/ wkh vwdqgdug huuruv iru wkh hvwlpdwh ri q duh wrr odujh wr uxoh rxw wkh srvvl0
elolw| wkdw wkh wuxh ydoxh lv xqlw| ru voljkwo| deryh168 Lq wklv erughuolqh lqvwdqfh wkh
hfrqrp| lv mxvw rxwvlgh wkh uhjlrq ri lqghwhuplqdf|1
Hyhq wkrxjk vxqvsrw  xfwxdwlrqv duh qrw ihdvleoh lq wklv fdvh/ krzhyhu/ wkh hfrq0
rp| lv vwloo olnho| wr eh uhodwlyho| xqvwdeoh xqghu wklv nlqg srolf| uhjlph1 Zh looxvwudwh
wklv lvvxh lq wkh frqwh{w ri rxu fdoleudwhg prgho1 Lq sduwlfxodu/ zh frpsxwh wkh lp0
solhg vwdqgdug ghyldwlrq ri lq dwlrq dqg rxwsxw/ xqghu dowhuqdwlyh ydoxhv ri q/w k h
lq dwlrq frh!flhqw dqg frqglwlrqdo rq d jlyhq vrxufh ri  xfwxdwlrqv +vxsso| 5| /r u
ghpdqg }|,169 Wkurxjkrxw wklv h{huflvh/ zh nhhs erwk ￿ dqg 4 frqvwdqw dqg htxdo
wr wkhlu hvwlpdwhg ydoxhv iru wkh suh0Yrofnhu shulrg xqghu wkh edvholqh vshfl￿fdwlrq
+l1h1/ f￿2. dqg f￿SH/ uhvshfwlyho|,1
Wdeoh YLLL uhsruwv wkh uhvxowv1 Lw vkrzv krz wkh vwdqgdug ghyldwlrqv ri rxwsxw/
lq dwlrq dqg wkh rxwsxw jds ydu| lq uhvsrqvh wr vkliwv lq wkh ihhgedfn sdudphwhu q￿
Wkh ￿uvw wkuhh froxpqv glvsod| wkh uhvxowv frqglwlrqdo rq wkh vxsso| vkrfn 5| ehlqj
wkh ixqgdphqwdo gulyh irufh1 Wkh odvw wkuhh froxpqv uhshdw wkh h{huflvh/ wklv wlph
zlwk wkh ghpdqg vkrfn1 Iru hdvh ri h{srvlwlrq/ zh qrupdol}h wr xqlw| wkh vwdqgdug
ghyldwlrqv fruuhvsrqglqj wr wkh fdoleudwlrq zlwk q ’ 2￿f￿
68Lq idfw/ lw lv srvvleoh wr ￿qg frpelqdwlrqv ri uxoh vshfl￿fdwlrqv dqg vxeshulrgv zlwklq wkh suh0
Yrofnhu hud iru zklfk wkh srlqw hvwlpdwh iru ￿ lv voljkwo| deryh rqh +wkrxjk qrw vljql￿fdqwo| vr,1 Zh
wkdqn dq dqrq|prxv uhihuhh iru wkdw revhuydwlrq/ zklfk hqfrxudjhg xv wr frqgxfw wkh urexvwqhvv
dqdo|vlv irxqg deryh1
69Dq jhqhudo dqdo|vlv ri wkh h￿hfwlyhqhvv dqg ghvludelolw| ri dowhuqdwlyh lqwhuhvw udwh uxohv lq d
prgho forvho| uhodwhg wr rxuv fdq eh irxqg lq Urwhpehuj dqg Zrrgirug ^4<<:‘/ dprqj rwkhuv1 Zh
gl￿hu e| irfxvlqj rq wkh lpsolfdwlrqv ri wkh ihhgedfn sdudphwhu rq h{shfwhg lq dwlrq1
58Wkh uhvxowv pdnh lw fohdu wkdw wkh f|folfdo uhvsrqvh ri wkh hfrqrp| wr ixqgdphqwdo
vkrfnv lv txlwh vhqvlwlyh wr q/ hvshfldoo| ryhu wkh hvwlpdwhg udqjh ri ydoxhv dfurvv wkh
suh0Yrofnhu dqg Yrofnhu0Juhhqvsdq shulrgv1 Dv q ulvhv iurp rqh wr wzr/ wkh yrodwlolw|
ri erwk rxwsxw dqg lq dwlrq ghfolqhv e| pruh wkdq kdoi1 Wklv rffxuv iru erwk wkh
vxsso| vkrfn dqg wkh ghpdqg vkrfn1 Wkh uhgxfwlrq lq yrodwlolw| wkdw wkh Yrofnhu0
Juhhqvsdq uxoh dfklhyhv lv wkxv txlwh vxevwdqwldo1
Wkh lqwxlwlrq lv vwudljkwiruzdug= d ydoxh ri q htxdo ru mxvw deryh xqlw| vxjjhvwv
wkdw wkh fhqwudo edqn frphv forvh wr ixoo| dffrpprgdwlqj lq dwlrqdu| suhvvxuhv/ e|
udlvlqj qrplqdo udwhv wr nhhs uhdo udwhv urxjko| frqvwdqw1 Wkh devhqfh ri d vwurqj
vwdelol}lqj dgmxvwphqw ri wkh uhdo udwh vxjjhvwv/ lq wxuq/ wkdw ixqgdphqwdo vkrfnv
pd| jhqhudwh frqvlghudeoh yrodwlolw| lq lq dwlrq dqg wkh rxwsxw jds/ dw ohdvw uhodwlyh
wr wkh Yrofnhu0Juhhqvsdq w|sh srolf|/ zkhuh wkh fhqwudo edqn dgmxvwv uhdo udwhv lq d
vwurqjo| frxqwhuf|folfdo pdqqhu1
Zh qh{w looxvwudwh h{solflwo| krz wkh delolw| ri vxsso| vkrfnv wr jhqhudwh vwdj d0
wlrq +dqg khqfh dffrxqw iru wkh 4<:3v, ghshqgv rq wkh qdwxuh ri wkh prqhwdu| srolf|
uxoh1 Iljxuh YLL uhsruwv wkh uhvsrqvh ri lq dwlrq dqg rxwsxw wr d qhjdwlyh vxsso|
vkrfn +qhjdwlyh vkrfn wr 5|, iru vhyhudo ydoxhv ri wkh ihhgedfn frh!flhqw rq h{shfwhg
lq dwlrq/ q/ wkdw udqjh iurp ￿￿f￿ wr 2￿ff￿ Wkh nh| srlqw lv wkdw wkh vxsso| vkrfn
surgxfhv d shuvlvwhqw h￿hfw rq lq dwlrq rqo| iru ydoxhv ri q qhdu xqlw|1 Dv q ulvhv wr
2￿ff/ wkh vxsso| vkrfn kdv rqo| d vpdoo wudqvlwru| lpsdfw rq lq dwlrq1 Lq vxp/ krz
odujh dqg shuvlvwhqw lv wkh uhvsrqvh ri lq dwlrq wr wkh vxsso| vkrfn lv txlwh vhqvlwlyh
wr wkh ihhgedfn uxoh1 Wkh dffrpprgdwlqj suh0Yrofnhu srolf|/ lw dsshduv/ fdq dffrxqw
iru d shuvlvwhqw uhvsrqvh ri lq dwlrq1 Wkh vdph grhv qrw dsshdu wr eh wuxh iru wkh
Yrofnhu0Juhhqvsdq srolf|/ dv lv frqvlvwhqw zlwk rxu k|srwkhvlv
Ilqdoo|/ zh qrwh wkdw wkh uhvxowv zh rewdlq lq wkh frqwh{w ri rxu vlpsoh Qhz
Nh|qhvldq prgho duh odujho| urexvw wr xvlqj d pxfk eurdghu vhw ri pdfurhfrqrplf
prghov1 Wzr prgho ihdwxuhv duh fulwlfdo/ exw wkh| duh ihdwxuhv wkdw duh frpprqsodfh
lq prvw frqyhqwlrqdo pdfurhfrqrplf iudphzrunv= Iluvw/ wkhuh pxvw eh dq lqyhuvh
59uhodwlrqvkls ehwzhhq rxwsxw dqg wkh h{0dqwh uhdo udwh +l1h1/ dq LV0w|sh uhodwlrqvkls,1
Vhfrqg/ wkhuh pxvw eh d srvlwlyh vkruw uxq olqn ehwzhhq rxwsxw dqg lq dwlrq +l1h1/
d Skloolsv fxuyh,1 Jlyhq wkhvh ihdwxuhv/ d prqhwdu| srolf| uxoh wkdw dffrpprgdwhv
lq dwlrqdu| suhvvxuhv lv/ lq jhqhudo/ pruh olnho| wr eulqj derxw kljkhu xqfrqglwlrqdo
yrodwlolw| ri lq dwlrq dqg wkh rxwsxw jds wkdq rwkhuzlvh16:
Y1 Vxppdu| dqg Frqfoxglqj Uhpdunv
Lq wklv sdshu zh kdyh surylghg dq hpslulfdo fkdudfwhul}dwlrq ri wkh v|vwhpdwlf
frpsrqhqw ri Xqlwhg Vwdwhv prqhwdu| srolf| lq wkh srvwzdu hud1 Lq rughu wr gr vr/
zh kdyh hvwlpdwhg d vlpsoh iruzdug orrnlqj srolf| uhdfwlrq ixqfwlrq1
Rxu hvwlpdwhv srlqw wr d vljql￿fdqw gl￿huhqfh lq wkh zd| prqhwdu| srolf| zdv
frqgxfwhg suh dqg srvw odwh 4<:<1 Lq wkh suh0Yrofnhu |hduv/ wkh Ihg w|slfdoo| udlvhg
qrplqdo udwhv e| ohvv wkdq dq| lqfuhdvh lq h{shfwhg lq dwlrq/ wkxv ohwwlqj uhdo vkruw
whup udwhv ghfolqh dv dqwlflsdwhg lq dwlrq urvh1 Rq wkh rwkhu kdqg/ gxulqj wkh Yrofnhu0
Juhhqvsdq hud wkh Ihg udlvhg uhdo dv zhoo dv qrplqdo vkruw whup lqwhuhvw udwhv lq
uhvsrqvh wr kljkhu h{shfwhg lq dwlrq1 Wkxv/ rxu uhvxowv ohqg txdqwlwdwlyh vxssruw wr
wkh ylhz wkdw wkh dqwl0lq dwlrqdu| vwdqfh ri wkh Ihg kdv ehhq vwurqjhu lq wkh sdvw
wzr ghfdghv1
Ilqdoo|/ zh kdyh dujxhg wkdw wkh suh0Yrofnhu uxoh pd| kdyh frqwdlqhg wkh vhhgv
ri pdfurhfrqrplf lqvwdelolw| wkdw vhhphg wr fkdudfwhul}h wkh odwh 93v dqg :3v1 Lq
sduwlfxodu/ lq wkh frqwh{w ri d fdoleudwhg vwlfn| sulfh prgho/ wkh suh0Yrofnhu uxoh ohdyhv
rshq wkh srvvlelolw| ri exuvwv ri lq dwlrq dqg rxwsxw wkdw uhvxow iurp vhoi0ixo￿oolqj
fkdqjhv lq h{shfwdwlrqv1 Dw ehvw/ wkh suh0Yrofnhu uxoh grhv d frqvlghudeo| zruvh
mre wkdq wkh Yrofnhu0Juhhqvsdq srolf| ri lqvxodwlqj wkh hfrqrp| iurp ixqgdphqwdo
vkrfnv1
6:Rqh gl￿huhqfh wkdw dulvhv ehwzhhq wkh Qhz Nh|qhvldq prgho dqg d vlpsoh edfnzdug orrnlqj
Nh|qhvldq prgho +vhh/ h1j/ Vyhqvvrq/ 4<<9, lv wkdw/ lq wkh odwwhu/ vhoi0ixo￿oolqj  xfwxdwlrqv duh qrw
srvvleoh vlqfh eholhiv derxw wkh ixwxuh gr qrw d￿hfw ehkdylru1 Lq wklv lqvwdqfh/ d ihhgedfn uxoh zlwk
￿ ? 4 vlpso| ohdgv wr h{sorvlyh ehkdylru/ xwolpdwho| qhfhvvlwdwlqj d vkliw lq wkh srolf| uxoh1
5:Rqh lpsruwdqw txhvwlrq rxu sdshu udlvhv exw grhv qrw dqvzhu lv wkh iroorzlqj=
Zk| lv lw wkdw gxulqj wkh suh04<:< shulrg wkh Ihghudo Uhvhuyh iroorzhg d uxoh wkdw
zdv fohduo| lqihulru B1 Dqrwkhu zd| wr orrn dw wkh lvvxh lv wr dvn zk| lw lv wkdw wkh
Ihg pdlqwdlqhg shuvlvwhqwo| orz vkruw whup uhdo udwhv lq wkh idfh ri kljk ru ulvlqj
lq dwlrq1 Rqh srvvlelolw|/ hpskdvl}hg e| Gh Orqj ^4<<:‘/ lv wkdw wkh Ihg wkrxjkw
wkh qdwxudo udwh ri xqhpsor|phqw dw wklv wlph zdv pxfk orzhu wkdq lw uhdoo| zdv +ru
htxlydohqwo|/ wkdw wkh rxwsxw jds zdv pxfk vpdoohu,1 Wkhuh lv frqvlghudeoh dqhfgrwdo
hylghqfh wr vxssruw wklv lqwhusuhwdwlrq/ wkrxjk lw lv qrw fohdu zk| wkh Ihg vkrxog
kdyh khog wklv ylhz ryhu vxfk d orqj shulrg ri wlph1 Ruskdqlghv ^4<<:‘ hpskdvl}hv
wkdw suholplqdu| hvwlpdwhv ri srwhqwldo rxwsxw duh riwhq txlwh gl￿huhqw wkdq uhylvhg
hvwlpdwhv1 Rqh srvvlelolw|/ wkxv/ lv wkdw gxulqj wkh 4<:3v wkh Ihghudo Uhvhuyh kdg
frqvlvwhqwo| ryhuo|0rswlplvwlf suholplqdu| hvwlpdwhv ri srwhqwldo rxwsxw1 Djdlq/ rqh
kdv wr h{sodlq zk| wkh plviruhfdvw zhuh vr shuvlvwhqwo| rqh0vlghg1
Dqrwkhu vrphzkdw uhodwhg srvvlelolw| lv wkdw/ dw wkdw wlph/ qhlwkhu wkh Ihg qru
wkh hfrqrplfv surihvvlrq xqghuvwrrg wkh g|qdplfv ri lq dwlrq yhu| zhoo16; Lqghhg/ lw
zdv qrw xqwlo wkh plg0wr0odwh 4<:3v wkdw lqwhuphgldwh wh{werrnv ehjdq hpskdvl}lqj
wkh devhqfh ri d orqj uxq wudgh0r￿ ehwzhhq lq dwlrq dqg rxwsxw1 Wkh lghdv wkdw
h{shfwdwlrqv pd| pdwwhu lq jhqhudwlqj lq dwlrq dqg wkdw fuhglelolw| lv lpsruwdqw
lq srolf|0pdnlqj zhuh vlpso| qrw zhoo hvwdeolvkhg gxulqj wkdw hud1 Zkdw doo wklv
vxjjhvwv lv wkdw lq xqghuvwdqglqj klvwrulfdo hfrqrplf ehkdylru/ lw lv lpsruwdqw wr
wdnh lqwr dffrxqw wkh vwdwh ri srolf|0pdnhu*v nqrzohgjh ri wkh hfrqrp| dqg krz
lw pd| kdyh hyroyhg ryhu wlph1 Dqdo|}lqj srolf|0pdnlqj iurp wklv shuvshfwlyh/ zh
wklqn/ zrxog eh d kljko| xvhixo xqghuwdnlqj16<
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Actual versus Target Rates: Pre-Volcker era











Actual versus Target Rates: Volcker-Greenspan era









20.0Figure III: Real Oil Price and Inflation
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Figure V. Simulated Sunspot Fluctuations under Pre−Volcker Rule
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Figure VI. Impulse Responses to a Sunspot Shock
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real rate              Figure VII: Impulse Responses to a Supply Shock